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The object of the Society shall be to promote the arts and sciences connected with either 
the manufacture or treatment of metals, or both.—Constitution A. S. 8. T., Art. II. 


THE SPRING SECTIONAL MEETING AT HARTFORD 


HE Spring Sectional Meeting of the Society, held in Hart- 

ford, Connecticut, on May 20 and 21, 1926, was a decided 
sueeess, as evidenced by the number of members in attendance, the 
excellence of the papers presented and the interest and enthusiasm 
expressed in the discussion which followed their presentation. 
This was the eighth sectional meeting of the Society and was 
exceptionally well conducted under the auspices of the Hartford 
Chapter. 

Headquarters were at the Hotel Bond, where the banquet 
and two of the technical sessions were held. 


Boarp or Direcrors MEET 

The Board of Directors of the Society held an all-day execu- 
tive session on Wednesday, May 19, the entire board being pres- 
ent. At this session a number of important matters were pre- 
sented for consideration and passed upon. The minutes of this 
meeting will be published in full in the July issue of TRANSAC- 
mons. A few of the important and interesting matters acted 
upon are as follows: Announcement at the banquet, by President 
R. M. Bird, of the passing of a resolution that the Society extend 
its activities to include matters of interest and importance in the 
field of nonferrous metallurgy, especially pertaining to those al- 
loys which are heat treated. Also that student groups (junior 
members) might be sponsored by local chapters or by authority 
of the Board of Directors. 

The first group was organized May 10, 1926, at Case School 
of Applied Science, under the leadership of, and sponsored by, 
the Cleveland Chapter, and was officially recognized by this ae- 
tion. The Cleveland Chapter will provide four technical meetings 
during the ensuing year for the especial benefit of the Case Group. 
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It was also resolved that the national society shal! je q ,, 
ganized as to assume all of the responsibilities and make jj the 
arrangements and plans for conventions, to relieve the |oca] chan 
ter of the responsibilities and extensive work; the local , | 
function only in an advisory capacity. 
The Board decided to hold the 1927 convention at Petro: 
and the next winter sectional meeting in January, 1927, a; Wash. 
ington, D. C. 


“haptey t, 


It was also decided that the office of assistant secretary j, 
created. | 

Other questions of importance were taken up and voted poy 
dealing principally with matters pertaining to the Chicago (‘oy 
vention. 

According to the custom heretofore established, the ‘ Kay) 
Birds’ ’’ dinner was held directly after the adjournment , 


ot the 


directors’ meeting. More than 80 members and guests motored 
to the Farmington Country Club, Farmington, Connecticut. ty 
attend this dinner, which was a delightful affair, resulting in » 
very pleasant evening for all. 

On Thursday, May 20, at 8:30 a. m., 400 members and cuests 
registered as in attendance. Immediately following this, the 


morning session began. B. S. Lewis, chairman of the Hartford 
Chapter, welcomed the visiting members of the American So 
ciety for Steel Treating and their guests on behalf of the Hart 
ford Chapter. He introduced Mayor Stevens of Hartford, who 
gave an address of welcome. President R. M. Bird responded 
to Mr. Stevens’ cordial welcome. 

B. 8S. Lewis then turned the meeting over to F. P. Gilliga 
past president of the Society, who acted as chairman of the tec! 
nical session. 

The first paper scheduled, entitled, ‘‘Recrystallization Ten 
peratures of Cold-Rolled Electrolytic Iron and Open-Hearth Stee! 
Strip,’’ was read by Dr. H. 8. Rawdon, Bureau of Standards, 1 
the absence of J. R. Freeman, Jr., the author. 

This paper sets forth the results of a study of the respective 
temperatures of recrystallization of electrolytic iron strip an‘ 
open-hearth steel strip, specially selected for deep drawing ope! 
ations. It also sets forth the result of tensile tests and micro- 
structural studies of strip given different amounts of work by col! 
rolling and annealed at progressively increasing temperatures 
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The author is of the opinion that tests show that electrolytic 
‘ron would probably be a somewhat superior material for deep 
jrawing operations. 

J. S. Vanick presented ‘‘ Factors Affecting the Machinability 
of Alloy Steels.”’ This paper was written jointly by J. S. Vanick 
and T. H. Wickenden of the International Nickel Company of 
New York. It is a report of considerable investigation by the 
aithors on this subject and deals mostly with the smooth finish 
nachining of low-carbon, plain and alloy steels. Tests were con- 
ducted for the purpose of correlating the finishing cuts with the 
vast amount of data available upon roughing cuts and breakdown 
ests of tools. For this purpose 1 14-inch wide round. nose tool, 
shaped to the 14-degree side slope, 3-degree back slope, and 6-degree 
clearance angles, recommended in Taylor’s original work, was used 
fora series of euts ranging from 0.015 to 0.090-ineh in depth and 
(.015 to 0.060-inech in feed. The circular disk method of varying 
the speed was used by starting the tool on its cut at the periphery 
of a 10-inch diameter disk, moving at a fixed speed, and thereby 
obtaining a speed variation from surface to center of the face. 
By this method the finish on the disk would change from a smooth 
to rough finish at certain critical speeds, the change being com- 
plete with a cutting speed change of 10 to 15 feet per minute. 
In general, at a still lower speed the finish would again change 
from rough to smooth. It was found that this critical area of 
rough finish and its corresponding cutting speed would vary with 
the depth of eut, the feed, the hardness of the material, and the 
cutting angle. 

An interesting discussion followed each of these papers. 

The afternoon was devoted to plant inspection trips; a wide 
choice being available, including: Colt’s Armory, Hartford Rubber 
Works, Billings and Spencer, Pratt and Whitney Company, Royal 
Typewriter Company, Underwood Typewriter Company, Union 
Drawn Steel Company, and others. 


The evening session was ushered in by the banquet, which 
Was attended by 350 members and guests, the largest ever held 
at a sectional meeting. 

5. M. Stone, president of the Colt’s Patent Fire Arms Manu- 
facturing Company, acted as toastmaster. The address of wel- 
tome was given by B. S. Lewis of Stanley works, and chairman 
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of the Hartford Chapter, to which R. M. Bird, nation: 


of the Society, responded with ‘‘Our Society.’’ 

K. P. Root, president of the New Haven Clock Company, o, 
a most interesting talk on ‘‘ Invention and Immigration. ' ‘ vh 
he stressed the great need for imagination in industry ay pointed 
out how imagination leads the way to better things, and jy, 4 y 7 


simple and interesting manner brought out the fascinating roma. 
of clock making. 

Man is putting his creative force into action—hariiessino 
so to speak—making it work for him while he is about som x 
thing. Inventions, like good habits, enlarge life and make yop, 
experiences possible. All immigrants have the faculty of jy 
agination—vision. They see greater possibilities in a new ani 
progressive country. It is this faculty which makes men bray. 
unknown dangers and privations for a possible and ultimate \e 
ter future. Imagination leads the way. It makes all things pos 
sible and overcomes all obstacles. It is the only sure-enough thing 
in the world. Intangible, abstract, elusive, yet it las made lif, 
what it is today and is constantly improving man. More and 
more is man getting in tune with the Infinite, for as man pro 
gresses Nature reveals all her powers and grandeur to him. Ile 
is the greatest artist who expresses the most Joy in his work, fo 
art is doing a thing in the best and simplest way. 

Romance in industry, like the four-leafed clover, may be hari 
to find, but it is surely worth looking for. Our faith, that ih 
four-leafed clover will bring good luck to the finder, so our faith 
in our work will be the greatest happiness a man can find on this 
earth. 

National Director, F. G. Hughes, vice-president of the Ne\ 
Departure Manufacturing Company, Bristol, Connecticut, spoke 
at considerable length regarding the industries of New England, 
and pointed out how these industries are at the present time under 
going a change. Many industries which formerly flourished 1 
New England have gone elsewhere. But the progressive New Eng 
landers are awake to the situation and are making every effor' 
to again place New England in the foremost ranks in the mau 
facturing field. In this activity the metallurgist and steel treater 
are playing no small réle. This was demonstrated by those who 
had the privilege of visiting the many plants in and about [lar' 
ford which were open to the inspection of the members of the 
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American Society for Steel Treating. 

\lessrs. F. P. Gilligan, A. H. d’Areambal and W. H. Eisenman 
vere called upon by the toastmaster and responded with short 
talks of an informal nature. 

\lusic was furnished by the Colonial Male Quartet and Si 
Yatfe’s String Quartet. 

On Friday, May 21, at 9:30 a. m., the second technical session 
was held in the Ball Room of the Hotel Bond, with A. H. 
d’Arcambal, metallurgist of the Pratt and Whitney Company, 
Hartford, in the chair. The first paper presented at this meeting 
was: ‘Behavior of Carbon in a High-Chromium Rustless Iron,’’ 
by Mareus A. Grossmann, metallurgist, United Alloy Steel Com- 
pany of Canton, Ohio. 

The author sets forth in his paper the characteristics of rust- 
less iron of the high chromium type. His investigations show 
that up to 1800 degrees Fahr. the mechanical properties remained 
practically the same for different heating temperatures, but at 
1800 degrees Fahr. a new set of mechanical properties is developed. 
It loses sharply in ductility without gaining greatly in hardness. 
It was observed that the material in the hot-rolled or annealed 
condition consisted of grains of alpha iron, with groups of pre- 
cipitated carbides. When the metal was heated to above 1800 
degrees Fahr., the carbide areas became austenitic, and upon 
quenching became martensitic. 

The second paper, entitled, ‘‘ Forging by the Upset Process,”’ 
was presented by J. C. Kielman, of the New Departure Manu- 
facturing Company, Bristol, Connecticut. 

The author gave a clear and interesting description and by 
means of numerous slides showed in detail the use of high-carbon 
chromium steel from its delivery at the plant to the finished forg- 
ings. The peculiarities of the steel and the method of forging 
were brought out. The problems encountered and the importance 
of the heat treatment of the tools were emphasized. 


An interesting discussion followed the presentation of these 
papers. 


In the afternoon interesting plant inspections were made by 
the members and their guests at the following plants: Interna- 
tional Silver Laboratory at Meriden, New Departure Ball Bear- 


ing Plant at Bristol, and several others, which were selected by 
choice, 
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June 


At the evening technical session, held in the meeting 
the Hartford Electric Illuminating Co., S. P. Rockwell acted 
chairman. Two papers were presented: One on ‘‘Stainless Iyoy.” 
by Norman L. Mochel, of the Westinghouse Electric and Many. 
facturing Company, Philadelphia, and the other on the ‘j7,,; 
Treatment of Die-Blocks,’’ by A. J. Porter, Jr., sales manage, 
of the Heppenstall Forge Company, Bridgeport, Connectie, 

Mr. Mochel’s paper is the result of an extensive and compre 
hensive study of iron-chromium alloys from many points of view 
including tensile strength, impact resistance, microscopic strive 
ture and degree of corrosion resistance. 


OM of} 


This was a study of the physical properties of iron-chromiy 
alloys, ranging in content from 10 to 19 per cent chromium, wit) 
a carbon content of approximately 0.12 per cent. Most of these 
alloys do not usually require heat treatment for the purpose o 
obtaining corrosion resistant properties. Many photomicrographs 
and physical properties’ charts were exhibited by means of the 
stereopticon. 


Mr. Porter’s paper was primarily concerned with drop forg 
die-blocks, with especial reference to their heat treatment in the 
drop forge shop. The author reviewed the development of the 
drop forging industry and the development of the die-bloek which, 
he says, had to be perfected to meet the demands placed upon it 
The diversification of this product is wide, both in utility and size. 
ranging from a scissor forging weighing a few ounces to the rear 
axle housing of an automobile truek, weighing several hundred 
pounds. The writer continued in an interesting manner to outline 
the various steps and pointed out the precautions to be observed 
in the heat treatment of die-blocks. After the discussion of these 
‘papers the meeting adjourned. 

The schedule for Saturday, May 22, consisted of special plant 
inspection trips, as requested by members who desired them 

All of the papers which were presented at this sectional mee! 
ing will be published in future issues of TRANSACTIONS. 

Members and officers of the Hartford Chapter are to be cor 
gratulated for the preparation of a most interesting, instructive, 
and entertaining sectional meeting. The details of arrangements 


were extensive and there was not a flaw in the efficient manner 


in which all of the events were carried through. On behalf of the 
Society, the members and guests present, we at this time wish to 
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express to the Hartford Chapter our sincere appreciation of their 
hospitality and to thank them most cordially for the many kind- 
nesses and attentions which they extended to their guests. 


STUDENT GROUP AT CASE SCHOOL OF APPLIED SCIENCE 

NE of the most important services which the American So- 
O ciety for Steel Treating can render is cooperation with stu- 
dents in metallurgy and metallurgical engineering. Such coopera- 
tion may take a number of forms; for instance, students may be 
invited to attend meetings of the local chapter, leading up to jun- 
ior membership in the Society. This membership makes avail- 
able to the young metallurgist at very low cost (the membership 
fee is $2.50) all the printed matter and other benefits of the So- 
ciety, except the privilege of holding office or voting. Students 
may attend national conventions and sectional meetings when they 
are not too far away. One of the new services to students is the 
formation of school groups for the promotion of more personal 
contact with members of the local chapter. The first of these is 
the Case Group, recently established, in the Department of Metal- 
lurgieal and Mining Engineering, Case School of Applied Science, 
Cleveland. The first meeting was held on May 10, in the Metal- 
lurgical Laboratory of the school. W. P. Sykes, Case, 1916, newly 
elected chairman of the Cleveland Chapter, gave an interestiny 
talk on the iron-tungsten alloys which he has been investigating. 
About 20 students and three members of the teaching staff were 
present. The students unanimously voted to form a Case Group, 
and the following men were elected as officers for the coming 
year : 

President, C. H. Junge, ’27; secretary, J. M. Byrns, ’27. 

lt is planned to hold four meetings during the coming season. 
Members of the American Society for Steel Treating will be se- 
lected as speakers. 

The Department of Metallurgy at Case School had the honor 
of being the first school department to become a sustaining mem- 
ber of the Society. It now has the honor of being the first to 
organize a student group. H. M. Boylston. 


OUR APPRECIATION 
“SHE Canadian Machinery and Manufacturing News, in the 
issues Of May 13, 20 and 27, published in the interests of 
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the Toronto Chapter of the American Society for Steel ‘ 
three articles dealing with the interesting question, ‘ \\ 
Steel?’’ and gave some of the opinions held by Dr. J. A. 
on this subject. 

We are very proud of our Toronto Chapter and wish {o 
tend to the Canadian Machinery and Manufacturing \; 


CX 


appreciation of their cooperation in stimulating interest an 
thusiasm in the work of the American Society for Steel Vreatiy, 
in that chapter. We wish the Toronto Chapter collectively ay 
individually a brilliant future. 





On May 28, G. A. Richardson, manager of the technics! 
publicity department of the Bethlehem Steel Corporation, was 
scheduled to give a paper, entitled, ‘‘Steel, the Giant Industry, 
The report of this meeting will be of interest to all of our readers 
and we hope that it will be received for publication in the Ju) 
issue of TRANSACTIONS. 













[t is indeed gratifying to know that in this age of materialisn 
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there are those who recognize and appreciate the unselfish en test 
deavors of a group of individuals who are happy in the giving o! 

service for the benefit, comfort, happiness and well-being of their Lm 

fellow men. com 

the 

HIS issue of TRANSACTIONS completes Volume [IN which of | 

covers the period from January, 1926, through June, 19206. loa 

Volume X will include the period from July, 1926, through Decem an 

ber, 1926. The index for Volume IX is now ready and may } Rov 

secured upon request. con 

Those desiring to have their loose copies of Volume [IX bound the 

in accordance with the style used in binding Volumes I-VIII in I 

clusive, may do so by forwarding them to the executive offices o! nu 

the Society, 4600 Prospect Avenue, Cleveland, together with $2.00. en 

and they will be bound and returned promptly. le 

loi 

th 

Future Meetings ki 

su 


Chicago, Illinois, September 20-24, 1926. 
WINTER SECTIONAL MEETING—Washington, D. C., January, 
1927. | 


ANNUAL CONVENTION AND Expostrion—Municipal Pier, | 
| 


SOME COMPARISONS BETWEEN ROCKWELL AND 
BRINELL HARDNESS 


By R. C. BRUMFIELD 
Abstract 


This paper sets forth the results obtained in test- 
ing both hard and soft metals by the Rockwell and 
Rrinell hardness tests and establishes the relation be- 
tween Brinell hardness and each type of Rockwell hard- 
ness in which the most influential factor is the area of 
contact with the mece tested. 

A table showing comparative Rockwell and Brinell 
hardness for various metals ts given. 


r | ‘IIE Roekwell hardness tester is a recent addition to the class 


of hardness measuring devices which determine hardness 
in terms of resistance to permanent indentation. It has been widely 
adopted beeause of the rapidity with which tests may be made 
and because of the small permanent damage done to the piece 
tested, 


The Rockwell hardness test consists essentially in applying 
a minor initial load to a standard penetrator, adding to this a 
comparatively large inerement called the major load, releasing 
the original minor load, and reading the amount of movement 
of the penetrator with respect to the test piece due to the major 
load. The initial and final readings of penetration are read from 
an indicating dial while the minor load is on the penetrator. The 
Rockwell hardness is expressed as a number which is equal to a 
constant minus the number of gage units of penetration under 
the major load. This is done in order that high readings may 
be expressed by large numbers. The dial is so arranged that the 
number may be read directly. The penetrators used in the pres- 
ent test were a y-inch steel ball, a Y-inch steel ball, and a 120 


legree cone, ground from an amorphous diamond. The minor 


load in all cases was 10 kilograms. The major load for each of 
the two balls was 100 kilograms and for the diamond cone 150 


kilograms. The constant from which the hardness number is 


subtracted to give the penetration in gage units is 130 for each 


~ ¢ 


\ paper presented before the Hardness Testing Symposium of the Society 
at the Cleveland Convention, September, 1925. The author, R. C. Brumfield, 
is assistant professor of civil engineering, Cooper Union, New York City. 
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of the balls and 100 for the diamond cone. 


The units 
the resulting penetration are expressed are approximate] 
on the average to 0.000075 of an inch for this particular testo, 


\W hic} 


equal 


with a maximum local variation of between two and three gay, 
units above and below the average. These later figures are th, 
result of the calibration of the dial and lever of the tester agajyg 
two 0.0001-inch Ames dials, each of which had previously bee, 
valibrated by the Bureau of Standards. 

The Brinell hardness used in this comparison is the resy); 
obtained by dividing the load in kilograms, used in forcing 
standard 10-millimeter ball into the test piece, by the area jy 
square millimeters of the zone of contact of a 10-millimeter spher 
with the test piece. This area was found by computation based 
on the diameter of the impression. The loads used 
900 or 3000 kilograms, as indicated in Table II. 

The test pieces used were about the same as those used in 4 


were either 


previous report to this committee before its reorganization, }) 
K. EK. Foss and the author, published in the 1922 Proceeding 
of the American Society for Testing Materials, entitled ‘‘Som 
Measurements of the Shape of the Brinell Ball Indentation.’ 
Table I of this paper gives the composition of the metals used in th 
previous report. The designations used for the metals and the orde 
in the tables are the same in this paper as in the previous on 
These test pieces were selected because the original Brine! tests 
had been carefully made and the characteristics of the Brinel! 
indentations were definitely known. The Brinell hardness num 
bers used in this paper were copied from averages of column 1() 
of Table Il of the 1922 report, with the exception of a few metals 
at the end of the table, which were added to the original report 

The Rockwell tests were run on these samples following th 
method recommended by the maker of the instrument as nearly 
as possible. The oil dashpot provided to prevent too sudden ai 
application of the load was not used, but instead the load was 
slowly released each time by hand. A number of tests on tw 
specimens furnished by the maker with the hardness numbers 
etched on them were used as a method of control, to determine 
at any time whether the penetrator had been damaged to such 
an extent as to give unreliable readings. It was not found nec 
essary, however, to renew any of the penetrators. The Rockwell 
hardness numbers listed in Table II are the averages to the near 
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mit of from four to six tests. The first number listed in 
case preceded by a ‘*‘B’’ was obtained by using the ; 


g-ineh 
hall penetrator with the 100-kilogram load and 


read from the 
‘B” seale of the dial. The second number listed was obtained 
hy using the 4-ineh ball penetrator, and the third number listed 


Table I 
Compositions of the Metals Used in the Hardness Tests 


BRASSES AND BRONZES 
All values in per cent 


Designation Copper Zine Lead Tin Pho 
phorus 
No 


» OZ 34.58 2.62 
No. 2 


lard Tobin Bronze No. ¢ a ; 89 09 0.04 
Soft Tobin Bronze No. 4 

Hard Phosphor-Bronze No, 0.42 
Soft Phosphor Bronze No. 6 § 
Hard Manganese Bronze No 59." gg 97 Hi . a 
Soft Manganese Bronze No, 8 { 


ALLOY STEELS 
All values in per cent 
Designation } Mn P S 


0.85 bese 
0.34 ; 0.0381 
0.087 
4—10966 0.081 
MK D455 


0.019 
\ | 1358 


0.066 


CARBON STEELS 
(Per cent of carbon approximate only) 


.5-per-cent carbon, tempered 

.5-per-cent carbon, water quenched 

.5-per-vent carbon, oil quenched 

.5-per-cent carbon, cooled in air 

.5-per-cent carbon, normal, us it came from the mill 


.9-per-cent carbon, steel are indicated by similar notation 


OTHER MBPTALS 
Exact composition not known 


preceded by a ‘‘C’’ was obtained by using the 120-degree cone 


penetrator with a 150-kilogram load and read from the ‘‘C’’ 


scale of the dial. In most cases the Rockwell hardness number 


taken from the bottom of a Brinell impression is also shown to 
vive an idea of the relative hardening effect of the cold work of 
the Brinell ball on the various metals. 


The ‘*B’’ hardness numbers with the /y-inch penetrator have 
all been plotted against corresponding Brinell hardness numbers 
in Fig. 1, Fig. 2 shows Rockwell ‘‘B”’ 


scale hardness numbers 
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Fig. 1—Rockwell-Brinell Hardness Relation Curve Using a yy-Inch Ball Per 
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with the 'g-inch penetrator against Brinell hardness, and Fig. 3 
Shows Rockwell ‘‘C’” seale hardness with the diamond-cone pen 
ayator against Brinell hardness. 

1; will be noted that some of the Rockwell numbers listed 
1 Table II and plotted on the curves are negative. ‘This is par 


ticularly true of the ‘‘C’’ seale numbers. Such numbers are of 
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Rockwell-Brinell Hardness Relation Curve Using a Rockwell Diamond-Cone Penetrator 


course not read directly from the dial, but they represent the 
number of gage divisions back of the scale zero at which the 
pointer came to rest when the major load was released, and when 
subtracted from the seale constant with due regard to sign, they 
give the depth of penetration in gage units just as the positive 
numbers do and are, therefore, equally intelligible. 

In considering the type of equation which will properly ex 
press the relation between Rockwell and Brinell hardnesses, all 
our experience with the laws of forces would lead us to suspect 
that the most important factor which finally causes the penetra 
lor to come to rest with respect to the test specimen is the area 
of contact between the two. If this is true, we should be able 
to determine the form of these equations by reducing the various 
Kockwell hardnesses which are now expressed in terms of depth 


of penetration to terms of kilograms per square millimeter of 
contact. 
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Table II 
Comparative Rockwell and Brinell Hardness for Various Meta}. 





Rockwell 
Rockwell Hardness Number Hardness Brinel! 






Phirany 












Nun Dey 
Designation Max. Min. Average in Bottom Max, Min, Ayorsy, 
Brinell : 
Impress. 
Hard Brass B—68 B67 B67 B89 117 li4 


No. 1. 





Soft Brass 
No, 


» 
we 





Hard Tobin 
Bronze No, 3 B-—105 B-105 B-—105 















Soft Tobin 
Bronze No. 4 









Hard Phospor 
Bronze No. 5. 


Soft Phospor B44 B43 B44 B-81 86 
Bronze No. 6 






Hard Mn. 
Bronze No, 7 B-107 B-—104 B-105 
















Soft Mn. 
Bronze No. 8 





Carbon Steels 
4 in, thick. 


0.5 Air B—90 B-s89 B-90 
Cooled 


0.5 Oil sale ead Dass 
Cooled C30 C~25 C~27 C-§ 










0.5 ‘Tempered C-—34 C-—32 C-33 C38 


oo 









0.5 Normal B-95 B94 B-94 
B-111 B-109 B-110 






C19 C-13 C-16 C-—-28 


Note: The first “‘B’’ scale hardness listed in the table refers to the y,-inch | 
100-kilogram load, The second refers to the %-inch ball penetrator with the 1! 
load. The “C” scale hardness always refers to the diamond cone penetrator 
kilogram load. 






*Brinell hardness obtained from the diameter of the impression left by a 1! 


ball under a 500-kilogram load. All others were obtained from a 10-millimet 
3000-kilogram load. 
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(Table II Continued) 


Rockwell 
Rockwell Hardness Number llardness Brinell Hardness 
Number 


Max, Min, Average in Bottom Max, Min, Average 
Brinell 
Impress, 


C58 
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(Table II Continued) 





Rockwell 
Rockwell Hardness Number Hardness Brine! 


ii rene 












Designation Max. Min. Average in Bottom Max, \ saa 
Brinell . 
Impress. 


















6- 9946 C_55 C-49 C-53 C-57 516 463 49 
000°C 


Water Cooled 
MK D-—455 


MKD-455 
1000°C 
Water Cooled 





Gray Cast K-86 B-04 : B-95 189 
lron B-—109 B-105 B-108 
C—16 C13 C-15 C33 

























Rivet Steel 





B-61 5¢ 
B-95 B—92 B-93 
C—(—20) 
B-36 
B-—87 





Rolled Al. 








Very Soft ont Snes 
Brass B59 B—56 B-58 


B. H.N. —— 


For the diamond-cone penetrator, 






B. H.N. = erevssiiniasctnageecuinigiali 
(K,—R., )* 





In each of these equations K and K, are constants. They are larg 
ly influenced by the load used and the dial scale constant, respec 
tively, which are to be determined from the plotted curves since 
the factors mentioned are not the sole influences. R is the Roc) 
well hardness number corresponding to the penetrator used. 
The constants K and K, are determined on the basis of area alon' 











fs -inch ball 14 -inch ball 120 degree cone 
K 10500 5250 8,330,000 
K, 130 130 100 
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urves plotted from these values of the constants are the 
dashed lines at the right of Figs. 1, 2, and 3. 

Determining the constants for Figs. 1, 2, and 3 by simul 
taneous solution of two average points near the extremes of the 
range of comparison in each case we have: 


or the y-inech ball penetrator and ‘‘B’’ scale from Fig. 1, 
6600 


(3) 


fc 


or the %-ineh ball penetrator and ‘‘B”’ scale from Fig. 
3300 


(4) 


Kor the 120-degree cone penetrator and the ‘‘C’’ scale from 
Fig. 3, 
1,880,000 
(112 — Re)? (9) 


These equations represent average values. ‘They have been 


plotted on the proper figure in each case as the solid average line. 
It will be noted that there is a tendency for the brasses anc 


bronzes to fall slightly to the left of this line for each of the 
penetrators and for the alloy steels to fall to the right. It !s 
possible then that with an increased number of points a more 
form accurate equation might be written for any given material by 
slightly altering the constants of the appropriate equation. The 
number of points here available is not sufficient to warrant any 
such refinement. The forms of the equations appear to be sub 
stantially correct and the equations themselves should be useful 
until considerably more data are available. 
We may take equations (3), (4), and (5) and equate them 
to each other, thus obtaining a relation between the three types of 
large- . Rockwell hardness : 


"espec 

sine 

Rock , as 

Re : 112-16.9 Vv 127-Rv_y, 

used 

sdlaes Equations (6) and (7) give two of these relations which 
inter-relate hardness numbers obtained with the various types of 
Rockwell penetrators. 


The dashed line to the right in each of the Figs. 1, 2, and 3, 


Ro. % 
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shows the true position of the Rockwell relation curve if Rockyolj 
hardness is interpreted in terms of the Brinell hardness detinitio, 
i. e., in terms of kilograms per square millimeter of contact with 
the test specimen. The fact that the actual curves in Cases 
fall to the left of these hypothetical curves means that for all tho 
types of Rockwell penetrator shown the actual average unit fibey 
stress at which they reach equilibrium in the test piece is create, 
than the unit fiber stress at which the 10-millimeter Brinelj }a)j 
reaches equilibrium in the same test piece. 

It should be noted in connection with these curves that closer 
numerical agreement between successive tests by the Rockwel| 
method on the same piece of hard material does not necessarily 
mean more consistent results than if the hardness had been meas. 
ured by the Brinell ball. In the region of Rockwell hardness 
C-50, a variation of one unit Rockwell hardness corresponds to 
a variation of about fourteen. units Brinell hardness. The two 
systems do not vary the same numerically until they reach the 
softer metals in the region of Rockwell hardness C-(-60). 

Figs. 4, 5, and 6 have been included to show a comparison 
with the previous report to the committee on the shape of tl 
indentation made by the Brinell ball. Fig. 4 shows a cross see- 
tion of the impression of the ;,-inch ball in alloy steel No. 12-4358. 
The reading for this particular impression was B-94. This is only 
six units of hardness below 100, beyond which the ball penetrator 
is not recommended for use. It will be noted that the plotted 
points which were measured from the impression coincide closely 
with the dotted line which represents the true shape of a ;j;-inch 
sphere. From this it may be concluded that within the limits 
set for use of the ;,;-inch ball penetrator the impression left 1s 
practically the shape of the ball. Since this is true, depth meas- 
urement is just as reliable for computing area of contact with 
the test piece as is diameter measurement. As previously pointed 
out, computations of average bearing stresses based on the depti 
of penetration by the Rockwell penetrators give considerabl) 
higher fiber stresses than are obtained for the Brinell ball for the 
same test piece. This fact must then be due to the relative sizes 
of the Rockwell and Brinell penetrators with a possibility of the 
relative loads having some influence. 

Fig. 5 shows a cross section of the impression left by the 
diamond cone penetrator in soft brass No. 2. This was the softest 


all 
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specimen tested with the diamond cone penetrator. The cross sec- 
tion is included largely to indicate the true shape of the pene- 
trator on the assumption that the cone would not distort appre- 
ciably in the soft brass. The dashed line indicates a 120-degree 
angle, and it will be noted that the actual measurements of the 
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Fig. 4—Cross-Section of Impression by a 7s-Inch Rockwell Ball Penetrator in 
Alloy Steel No. 12-4358. ‘The Hardness for this Impression was Rockwell B-94. 
impression coincide closely with this. The impression shown in 
Fig. 5 and the one shown in Fig. 6 both indicate the rounded 
point. on the cone with a diameter between two and three thou- 
sandths of an inch. The makers grind a definite zone of a 
sphere at the point of the cone but the diameter of this rounded 
point is not necessarily as great as is indicated, for the reason that 
this dimension might also have been affected by the diameter of the 
needle point used for taking the measurements. The average in- 
dicated hardness for the metal, of which Fig. 5 is a cross section 
of the impression, is C-(-63). While this is not necessarily the 
indicated hardness for this particular impression it could not be 
tar from it. If C-(-63) be assumed to be the hardness number 
tor the impression shown, we have from the figure the indicated 
penetration under the 10-kilogram load was 0.0023 inch and un- 
der the total load of 160 kilograms was 0.0151 inch. These pene- 


trations are not in proportion to the loads, the first being greater 
than the second. 
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Fig. 6 shows the impression left by the diamond econ 
0.90 per cent carbon steel which was water-quenched fry) 
degrees Fahr. (1000 degrees Cent.). This was indicated hy +), 
Rockwell tester to be the hardest piece tested. The cross nection 
is included to indicate the distortion of the cone in very hard 
materials. It will be noted that the normally 120-degree cone Jos; 
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Fig. 5—Cross-Section of Impression by a Rockwell Diamond-Con 
Penetrator in Soft Brass No. 2. 


a permanent impression of about 127 degrees. ‘The flattening 
would have been greater during loading by an amount depend 
ing on the elasticity of the steel. If the cone had retained its 120- 
degree angle the indicated Rockwell hardness would have bee 
about 5 units lower, assuming the same diameter of impression. 

The indicated hardness for the impression shown in Fy. ! 
was ©-65. This hardness number indicated a penetration of the 
metal by the cone under the 10-kilogram load of 0.00006 inch 
and under the 160-kilogram load of 0.00263 inch. No great degree 
of accuracy is claimed for the first figure listed, but, if it be as 
sumed even approximately correct, the proportionality of the pen- 
etrations under the two loads is reversed from that indicated in 
Fig. 5. This would be accounted for by the facet that in the case 
of the hard metal the blunted point was only partially imbedded 
under the 10-kilogram load. 
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Wie, 6 also gives some indication as to the durability of the 
jiamond cone, as this impression was one of the last ones made. 
The con had previously been used to make about two hundred 
nd fifty impressions. It was new when received. 

7 The Rockwell ‘‘C’’ seale hardness in the bottom of the Bri- 
nell impression which is shown in Table Il has been plotted in 


199 


Ki, 7 against the average normal Rockwell ‘‘C’’ scale hardness 
*» the same metal. The ‘‘B’’ scale hardness in the bottom of 














45 
/ : . 
Horizontal Drstonces in jeg In. 
Cross-Section of Impression by a Rockwell Diamond-Cone Penetrator in 0.90 Per 
Carbon Steel, Water-Quenched. ‘The Hardness for this Impression was Rockwell C-65. 


6 


ning the Brinell impression taken for the brasses and bronzes has been 
end reduced to its ‘‘C’’ seale equivalents by means of formula (7). 
19(). To prove that the inereased hardness in the bottom of the Brinell 
heen impression Was not due to the spherical shape of the surface, the 
sion. etal surrounding one of the Brinell impressions in soft Tobin 
of bronze No. 4 was ground completely down to the plane of the 
the bottom of the impression. Slightly staggered Rockwell readings 


inch were then taken at distances progressively increasing by +, of 


9) 


ree in Inch out from the center of the original impression. These 
e as showed a gradual falling off from the original indicated hardness 
pen in the bottom of the impression read as B-86 to the indicated 
d in lardness of the undisturbed metal of about B-50. From this it 
cane Was concluded that the spherical shape of the surface in the bot- 
Aded ‘om of the impression had little effect on the Rockwell reading. 

[t will be noted from the curve that the Rockwell test indi- 
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cates that the Brinell ball hardens the metal direct}, 
for most metals. This hardening effect is relatively 
the softer metals and ceases to exist when the region of hardne« 
about Rockwell C-60 is reached. This would indicate that 
ness of C-60 is about as great as is capable of being Obtained }y 
the type of cold work which the Brinell ball does. Our knowledon 
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Normal Rockwell "C" Scale Hardness 
Fig. 7—Showing Relative Hardening Effect of the Brinell Ball Dae to | 


as Shown by the Rockwell Hardness Tester. 

of the effect of cold work would lead us to suspect some such 
condition as shown in Fig. 7 without the evidence of the tests 
We must recognize, however, that the hardening effect of the Bri 
nell ball is probably shown relatively and not actually by Fig. 7 
because the Rockwell test by its nature must also cause an effect 
similar in nature, but different in degree to that caused by the 
Brinell ball. 

Such a hardening effect of the ball on the metal as that ind 
cated means that the Brinell ball in metals which it is capable 
of hardening by the type of cold work which it does is underlai 
by a cushion of hardened metal similar to the pressure bulb on 
the end of a foundation pile. The tendency of this cushion | 
to increase the effective bearing area of the ball on the undis- 
turbed metal as compared with the actual area of contact. Since this 
cushioning effect decreases as the primitive hardness of the met! 
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‘creases, the Brinell test tends to decrease the range in actual 
LTA . 


wnimitive hardness between soft and hard metals. 


Such an explanation of the action of the Brinell ball as above 
outlined offers a possible reason for the well known fact that, 
jsing a 10- millimeter ball, the indicated Brinell hardness of many 
etals increases with the load applied up to some load which gives 
, maximum hardness after which the indicated hardness again 
drops slightly, for further increase in load. The indicated hard 
ness would inerease with the load due to the growth of the press- 
ure cushion under the ball until sufficient load was attained to 
crack the brittle cushion, after which the ball would sink farther 
nto the softer surrounding metal, just as a wagon wheel sinks 
‘through a erust of frozen ground. Such an explanation of the 
action of the Brinell ball would allow a straight line variation 
between load and penetration for the harder metals, but would 
make it increasingly unlikely for the softer metals. ‘The two in 
rements in penetration for the +g-inch ball shown in Fig. 4 are 
not in proportion to the loads, the first being greater than the 
second. If this is the correct explanation of the action of the 
brinell ball, the Brinell hardness of the harder metals which are 
incapable of being further hardened by the cold work of the Bri 
nell ball should be independent of the load, and the straight line 
variation between load and depth of penetration should be main- 
tained, except for the distortion of the ball. The author has con- 
siderable evidenee that the variation between the load and depth 
of penetration for some of the softer metals is not a straight line 
in the early stages of the loading, but that the rate of penetra- 
tion decreases slightly up to some load which would give the max 
imum indicated hardness after which the penetration usually pro- 
ceeds practically as a straight line ratio. The above statement is 
true for both the Brinell ball and the Rockwell ball. The mini- 
mum rate of penetration with the Rockwell ball occurred between 
forty and sixty kilograms of load and so could not ordinarily be 
detected, since 60 kilograms is the minimum load capable of being 
applied with the standard machine. Gray cast iron was the most 
pronounced example of this action, the variation in the rate of 
penetration being enough to affect the Brinell hardness as much 
as thirty per eent. 

lf the minute cracks suggested above exist in the metal at 
aly time, their presence might possibly be detected with the mi- 
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croscope. No time has been available for such an ex 
in connection with this paper and the foregoing has 4 
been suggested as only a tentative explanation of facts 


been well recognized in the past. 
CONCLUSIONS 


1. There is a relation between Brinell hardness and exo) 
the types of Rockwell hardness in which the most influential | 
tor is the area of contact with the test piece. 

2. Rockwell penetrators of all types used come to rey } 
the test piece at higher average fiber stresses than does the 1) 
millimeter Brinell ball. 

3. The Rockwell test tends to differentiate more widely 
tween two fairly soft metals than it does between two fairly ha 
metals when both pairs differ by the same amount \ 
hardness. 


| Bri 


4. A greater numerical consistency of the Rockwell test {o 
the hard metals is, therefore, likely to be apparent and not vr 

5. The limit of hardness, B-100, beyond which the ball pe 
etrator is not recommended for use, is sufficiently low so that t! 
impression left by the ball is substantially the shape of a \,-ine! 
sphere. 

6. The diamond cone is accurately ground and the partic 
ular one used had a point which was rounded to possibly less, hu 
not more, than 0.0025 inch diameter. 

7. The diamond cone flattens appreciably in the hard m 
als, thus indicating higher hardness than if it retained its shay. 

8. The action of the Brinell ball is to harden the metal ( 
rectly under it. This is indicated by the Rockwell test 

9. The maximum hardness obtainable due to the cold work 
of the Brinell ball is about Rockwell C-60. 

10. The hardening effect due to the cold work of the Brine! 
ball is not as great as C-60 in all metals, but in general thie per 


as the indicated Rockwell hardness decreases. 
derneath both the Brinell ball and the Rockwell ball probably @! 


fects the rates of penetration of the balls at various loads, thi 
affecting the indicated hardness. 


centage of increase in hardness due to this cold work creases 


11. The pressure cushion of hardened metal so formed Ul 
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SOME CHARACTERISTICS OF QUENCHING CURVES 


By H. J. Frencnun Aanp O. Z. Kuopscn 


Prefatory Abstract 
In this report is gwen a discussion of time-temper 
ture cooling curves at the center of steel samples of 
parious sizes and shapes quenched into ordinary coolants 
such as water, @ commercial quenching oil and air. 
Rased on the described experiments a method is outlined 
hy which cooling curves for various sizes and shapes 
quenched from various temperatures can be derived, 
provided the curve for one size from one quenching tem 
verature is avm@lable and one constant is known for the 

volant. Typacal examples are given. 


INTRODUCTION 


- a recent report on mass effects in quenching' certain definite 
relations were developed by the authors between the size and 
shape of steel quenched and the center cooling velocity taken at 
720 degrees Cent. For rounds, spheres and plates, this cooling 
elocity was proportional to the surface per unit of volume raised 
to some power greater than’ 1 and less than 2. If V_ represents 
the center cooling velocity, taken at 720 degrees Cent., S is the 
surface area, W is the volume, n and ©, are constants depending 


ipon the coolant, ete., these relations may be represented by the 


equation 
Ss 
(w)"° (7) 


lt was also demonstrated that the cooling time for certain 


intervals for small samples was inversely proportional to the 
designated cooling velocity. Thus, if T is the cooling time for 


f Standards Technologic Paper No, 295, 


ed by permission of the Director of the National Bureau of Standards, 
erce, Washington, D. C. This report will also be published as a 
eau of Standards. 


Department 
Technologic Paper 


\ paper presented before the Winter Sectional Meeting, Buffalo, N. Y., 
ary 21, 22, 1926. Of the authors, H. J. French is physicist (metallurgy), 
, 0, 7. Klopsch, assistant scientist (metallurgy), Bureau of Standards, 

ishington, LD. i. 











858 TRANSACTIONS OF THE A. 8. 8. T. 1926 
. npactica 

a given temperature change, C and C, are constants, t}), prac 

referred to may be represented by the equation 


relation nencht! 


enter | 

T = ~y 9 any tem 

sch as 

It may naturally be inferred from equations (1) ang » rn 
that some very general relations exist between cooling ay: be deve 
the center of various sizes of the simple shapes (rounds, sphere ore 
and plates), but in the report already referred to attention ya mental 
largely directed to the cooling velocity taken at 720 degrees Con 
as this had previously been shown? to be the best single factor 
from time-temperature cooling curves to represent the hardening 
produced in small or moderate size sections of carbon steels. While tures i 
such cooling velocity relations are of general interest, from seyer| te 24 
viewpoints, frequently questions arise regarding the cooling 4 Af equ 
lower temperatures and comparisons are desired of the greater heen 
part of the cooling range from the quenching to the final jen. It 
peratures. 


As 
of diffe 


the tes 
For example, the center temperatures may be desired in the were ¢ 
forging of large masses, or the exact time required at which ste! the tré 
samples may be removed to avoid eracking without danger oj termec 
reducing the center hardness, or otherwise modifying those prop. vrees | 


erties which are dependent upon the manner of cooling throw 
the hardening transformations. 


raised 
forma 
Such cooling curves are also useful in comparisons of various as hav 
eoolants and particularly in determining what sizes of the simple ent fr 
shapes may be fully hardened to the center when made from steels 
for which the critical cooling velocities are known. Again thie) obtain 
will show, at least in a general way, the range in sizes of the here « 
simple shapes which may be quenched to advantage in specia! 
coolants. 
Aside from this, however, center cooling curves form the basis 
of comparison for a study of cooling at the surface and other por 
tions of steel samples of various sizes and shapes, a subject whic! . | 
it is hoped may be considered at a later date. ™ 
It is the purpose of this report to summarize experiments 
already reported, together with results of additional tests, in suc! 
a way that it will be possible to construct by simple calculations 


eoolin 


Sines 


*H. J. French and O. Z Klopsch. Quenching Diagrams for Carbon Steels i: Re ition | aR 
Some Quenching Media for Heat Treatment. Transactions, American Societ r Ste 
Treating, Vol. 6, Sept., 1924, p. 251. 


ind 2 


limes il 


rden ne 
. While 


Severa 


ling 


throug 


Variou 
= 


Simple 


n steel 


riments 
° } 
in such 


ilations 


QUENCHING CURVES 859 


nractically the entire time-temperature cooling curves (from the 
juenching temperature to about 200-250 degrees Cent.) for the 
center of various sizes of the simple shapes when quenched from 
any temperature at or above 720 degrees Cent. into typical coolants 
ial as water, an oll and air. In the discussion of data the simi- 
iarities and salient features of the quenching curves will, of course, 
be developed and will facilitate making similar compilations for 
other of the many coolants now used industrially or for experi- 
mental work. 
[I. MATERIALS AND Test Mernops Usep 


As in previous eases, carbon or carbon-chromium steel samples 
of different sizes and shapes were quenched from various tempera- 
tures into motionless water, a commercial quenching oil (called 
No. 2 oil) or air, each at 18 to 23 degrees Cent. A description 
of equipment and methods of procedure employed has already 
been given.® 

It should be pointed out that in both the previous report and 
the tests now to be discussed, thermal effects of transformations 
were disregarded. Smooth curves were drawn from points above 
the transformations to points below and, therefore, cooling at in- 
termediate temperatures in the neighborhood of 500 to 650 de- 
yrees Cent. was approximated. Despite objections which may be 
raised to such procedure, it seems preferable to the use of a trans- 
formation-free metal. The thermal properties of all such metals 
as have been used or suggested for this purpose are quite differ- 
ent from those of ordinary steels, at least in some portions of the 
cooling range, and will not yield results closely approaching those 
obtained with the ordinary steels to which such treatments as are 
here considered are ordinarily applied and of most importance. 


EXPERIMENTAL RESULTS 
1. Cooling from a Fixed Temperature 


If in equation (2) there is substituted the value of V given 
by equation (1) the following is obtained. 


co, (W\n ss 
T = i (=) (3) 


‘ince C, C, and ©, are constants, the product of C and C, divided 


‘Refer to footnotes (1) and (2). 
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by C, will also be a constant. Equation (3) may 


written as follows: 
Qe  {W\n 
I CU, ~ } 


This shows that the cooling time for a given temperature ely, 


at the center of small sizes of the simple shapes is proportiyys 
to the reciprocal of the surface per unit of volume raised to 
power ‘‘n.’’ The numerical values of this exponent h; 


} ; 
lave already 


been determined for a number of coolants and found to yay 
tween 1 and 2; methods for determining the Value of ‘') 
other coolants have also been outlined. To apply equation 


t 
is then only necessary to evaluate the constant ©, and determin: 
upon what variables in quenching it is dependent in additioy + 
the cooling range considered. With the evaluation of the constay 
C, it should be possible to construct the complete time-temperaty 


cooling curve for various sizes and shapes. 


rihed 


2. Relation of Cooling Times to Steels and Shapes Quer 


In the experimental work to be described all smal! samples 
were made of either high carbon or high carbon chromium steels. 
whereas the largest sections were prepared from commercial |0\ 
carbon steels. These variations in the composition of the steel are 
undesirable, especially from the standpoint of the cooling at 1 
lowest temperatures, for, as shown at the right side of Fig. 1, t! 
introduce variations in the cooling times. With low carbon thi 
cooling is more rapid in the range below about 500 degrees Cent 
but at higher temperatures such changes in composition produce 
changes in the cooling which are small and not easy to measur 
by the methods used in this investigation. It should, therefore, 
be kept in mind that the numerical values for certain constants 
later developed will give at the lower portions of the cooling range 
times slightly large for small sections of low carbon steel and times 
which are somewhat low for large sections of high carbon steels 
As most previous work along similar lines with large sections has 
been with low earbon steels the authors would have repeated wit! 
such steels many of the experiments already made with small » 
tions of high carbon steel, were it not for the fact that the general 
relations and principles to be outlined are considered of greater! 
importance than specific numerical values. 

The authors have already shown that the cooling velocity 1 
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ohborhood of 720 degrees Cent. is a function of the surface 
of volume and does not vary with the shape of sample. 


Likewise, it has been shown that the cooling time for certain inter- 


vals is inversely proportional to this cooling velocity. At the 


left side of Fig. 1 it is shown that within limits of experimental 


I 


orror that the entire cooling as well is independent of the shape 


Temperature -deg.C. 


ele I ; J ai it atl 
Shapes with equal surlace per unit volume }"diam.+2" long cylinders of 
© round (test li78) © open hearth iron (test 1263) 
@ sphere (test 1123) @ 045 C steel (test 395) 
2 plate (te: "¢\ © 0,96 C steel (test 143) 
de 


0 = » om — creer een een 


0 10 
Time - seconds 
Fig. 1-—Effect of Composition of Steel and Shape of Sample on 


Time-Temperature Cooling Curves Taken at the Center of Small 
Masses. 





of sample. While this has been checked only on small and mod- 
erate-size sections, it 1s a reasonable assumption that the law as 
stated should be more nearly correct the larger the specimens. 
Further indireet evidence for the validity of this assumption will 
be found in data given in subsequent sections of this report. 


prod 1¢ 
measur 
lerefore, 


onstants 


3. Data Showing That in a Given Coolant the Center of a Given 
Steel Sample Cools in Equal Times to Equal Proportions 
of the Cooling Range 


ig range 
nal times 
n steels 
—- Before taking up in detail the general relations between 
bad wil cooling times and the size and shape of steel, the effect of varia- 
eal 9 tion in quenching temperature on the manner of cooling will be 
_ veneral considered. The times required to cool the center of spheres of 
oreater different sizes from 730 (or 760), 815, 875, and 950 degrees Cent. 

t0 various lower temperatures in water, a commercial quenching 
locity in oil and air are summarized in Tables.I and II. If these times 
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AD 
are plotted against temperature expressed as a proportion of 4 
cooling range (quenching temperature to coolant tem), itu: expr 
1} ire 
curves similar to those in Fig. 2 are obtained.** [It wil) },. , has | 
served that the center of the sample cools to equal proporti eae 
WO Ons 
100 A ctensinenealieeel 
Air cooling | from 
80 num 
= 
2 
= ” Effect 
» 
Zz 
2 40 
s 
E 
= 20 4] 
x 2 R 
” x2 it 
_ 4 OP 
= x? i 
. Sph 
& 1% Sy 
3 1 Sph 
e Si 
Ss & 7 
~ Spl 
S i 
& SI 
60} 
-——— cooled from 160°C ; SI 
” - 6is*¢ 4, SI 
- “ Bms*C, Sy 
40 = — « 950°C 1%, 8) 
| h 8 
20 t ‘Spl 
2 5 - 8 
Time - minutes ies 
Fig.. 2—-Effect of Quenching Temperature on the Center 
Cooling Curves of Steel Samples Immersed in Various Coo) 
ants, 
Note that all Temperatures are Expressed as a Proportion eur 
of the Initial (Quenching) Temperature. (Refer to Foot 
note 3a of the Text.) wat 
of the cooling range in equal times. It therefore follows thal cur 
any relations developed for one initial temperature are immed dat 
ately applicable to any other, provided only that temperature | 
‘For coolants at atmospheric temperatures, no appreciable error is introduced 


culations are simplified if temperatures are expressed as a Eevee of the tem 
quench instead of as a proportion of the cooling range. This method was used ri ' 
Figs. 2 and 6 and in deriving data in Tables I and III, relating to coolants at 


peratures. It will introduce greater errors for coolants at much higher tempera! “ 
an 
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cpr ed as a proportion of the cooling range. 


llowever, this 
niv been shown to apply to quenching from above the trans 


lads § 


formations, at or above about 720 degrees Cent. 


1. Evaluation of the **‘ Tume-Constant’”’ 


In Table II for 


‘rom 875 degrees Cent. to various lower temperatures. 


are tabulated the times required cooling 


‘These 
numerical values were secured from a large number of cooling 


Table I 


Effect of Quenching Temperature on the Center Cooling of Steel Specimens 
of Various Sizes and Shapes in Different Media 


Time in Minutes to Cool to Proportion of 
Temperature Indicated! 


80.0 68.6 67.2 


Quenching 
Quench 
Run Temp. 97.2 
‘ os 


No, 


1322 
1324 
| 


l 
l 
I 
I 
Lf 
l 
l 
l 
l 


1495 
1488 
1487 
1486 
1485 
1484 
1483 
1514 
1507 
1508 
1497 
140% 
1499 
1501 


1502 


example, the range from 1000-600 degrees Cent., when quenching 


Coolant 


Water 
Water 
Water 
No, 2 Gil 
No. 2 Oil 
Air 
Air 
Water 
Water 
Water 
No, 2 Oil 
No, 2 Oil 
Ne, 2 Oil 
No 2 ¢ il 
Air 
Nir 
Air 
Air 
Air 
Air 
Water 
Water 
No. 2 Oil 
No, 2 Oil 
Air 
Air 
Air 
Air 
Air 


760 
760 
760 
760 


950 

160 
950 
050 
WhO 
V5b0 
950 
050 
950 


oO 


0,21 
0.018 
0.017 
0.28 
0,025 
0.18 
0.25 
0,029 
0.088 
0,208 
0 

0 

0 

0.2 

0 

0, 

0! 
0.3! 
0.52 
0.75 
0,080 
0.146 
0, ] 87 
0.2388 
0.117 
0.183 
0,267 
0.48? 
0.617 


110 
223 
800 
883 
270 
453 
667 
000 
1.28 


yf, 
Yo 


0.39 
0.085 
0.088 
0.638 
0.064 
1.320 
1.85 
0.068 
0,192 
0.413 
0.077 
0,192 
0.300 
46 
783 
07 
63 
83 
2.97 
71 
150 
81% 
445 
670 
667 
me 
58 
2.50 
3.03 


Y 
0.49 
0.044 
0.048 
0.84 
0 

9 « 
3.3% 
0 

0 

0.f 

0 

0.2 
0. 


2.97 
18 
88 


of 
( 
0.61 
0.055 
0,052 
1.13 
0.145 


11 


200 
o , 


O73 
163 
422 


637 


05 ta! 
3.58 


‘vu l 
” 00 a¢ 
R77 92 2 
9 


v.00 


a” 
of 


from 


1000 de grees 


given as 60 per cent. (Refer to footnote 8a of the text.) 


curves taken when quenching the specified sizes and shapes into 


water, No. 2 oil and air. Included also values taken 


curves for large sections published by Law‘ and Bash’; 
(lata have not yet been published.® 


are from 


Harper’s 
‘rom these data, the values 


‘rE. F. Law: Effect of Mass on Heat Treatment. Jounnan, Jron and Steel Institute, 97, 
1918) 


'. E 
I ti 
p. 614 


Bash: Forging Temperature and Rate of Heating and Cooling of Large Ingot 


American Institute of Mining and Metallurgical Engineers, “Ps Volume,” 


rometry 
(1920). 


The cooling curves at the center of the 12-inch cube quenched in water and also cooled 
i air were taken from experiments recently carried out by J. F. Allis-Chalmers 


inal Harper, 
anul ring Company, Milwaukee, Wisconsin. 
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of C, in equation (4) were calculated and it was found : 
numerical value depended not only upon the coolant and 4), 
cooling interval, but also upon the surface per unit of yolyy, 
Under such conditions the direct evaluation of this constan: f, 
even one coolant involves a great deal of work, including. 
extensive experiments that when completed they make the e\,| 


Vill 


ation unnecessary, for there have been obtained experimentaj) 


lat 


all required data. For this reason, the results of the calculation. 
referred to are not here included. 

Obviously what is needed is to evaluate C, in terms of rea 
ily determinable factors associated with the surface per unit 0) 
volume and the coolant, so that with a cooling curve for the ce 
ter of one size of the simple shapes immersed in a given coolay 
curves can be derived by means of simple caleulations for various 
sizes and shapes when quenched into the same coolant. 

Without giving in detail the mechanism by which these rely 
tions were developed, one feature should be mentioned. With the 
exception of the first drop in temperature, say for an interval o| 
20 degrees Cent., the cooling curves for various sizes appeared 
to closely follow the relations represented by equation (4). More 
specifically, when deriving time-temperature cooling curves for 
the center of large sections from constants determined from ex 
periments on small samples it was found that the derived curves 
were in most cases generally parallel to, but offset at some «ds 
tance from, eurves determined experimentally. The derived 
curves in practically all cases showed more rapid cooling than 
was observed directly by experiment, and the magnitude of this 
difference appeared to increase with the section, and hence wit! 
decrease in the surface per unit of volume. 

Consider for a moment that heat is first taken away from 
the surface and an appreciable time elapses before there can |i 
an appreciable drop in temperature at the eenter. In small sizes 
(high values of S) where most rapid cooling is obtained, this 


WwW 


difference will be very small, whereas in the relatively large se 
tions (small values of S) when the surface is far removed from 


WwW 


the center, it will be large. 


It is extremely difficult to determine the time required lor 
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‘yo first very Small temperature drop at the center. 
‘nis factor, Which will hereafter be called “‘lag,”’ 


Therefore 
will be defined 
‘or the purpose of this report as the time required to drop a 
number of degrees equal to 2 per cent of the cooling ranges 
‘equals 17.1 degrees Cent.) for a quenching temperature of 875 
Jevrees Cent. when the coolant is at 20 degrees Cent. Actually 
‘he Jag’? inereases with decrease in the surface per unit of vol- 
ome, and hence with increase in size of any one of the simple 
shapes refer to Fig. 3). 

Based on reasoning along this line and a study of the expert 
mental data summarized in the various tables and charts in this 
report, the following empirical relation was developed: 


W\n 5) 

(») 
YS 

the quenching temperature to any 

lower temperature (in this report expressed in minutes). 


vhich ‘Tis the eooling time from 


| 


is the ‘‘lag’’ in minutes: represents the cooling time for an 
fond Ll 


initial drop in temperature equal to 2 per cent of the cooling 
range, 


is the ‘‘time constant.’’ 

is the surface area (in this report given in square inches). 

is the volume (in this report given in eubie inches). 

is the exponent depending only on the coolant; its numerical 


values are the same as in all previous equations in this, and 


the preceding report on mass effects, already referred to in 
the text. 


With this equation the time-temperature cooling curves for 
the center of various sizes of the simple shapes may be derived 
when the steel is quenched into any ordinary coolant, provided 
only two pieces of information are available (1), the exponent 
“n’’ must be known for the particular coolant under consider- 
ation, and (2) there must be available an accurate center cooling 
curve for some one size of the simple shapes when quenched 
from any temperature at or above about 720 degrees Cent. into 
this coolant. In other words, if this exponent and one good cool- 
ing curve are available, curves can be derived for the whole 
ranges of sizes and shapes quenched from temperatures at or 
above 720 degrees Cent. 

Time-temperature cooling curves are not exceedingly 4iffi- 
‘ult to obtain, for even with so-called drastic coolants good re- 


sults may be secured with ordinary pyrometer equipment. and 
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stop watches if the experiment is carried out with mo aly 
7 


Hhowy 


large sections which keep down the center cooling velocities 
value of the exponent ‘‘n’’ can be determined, if not now 
by methods already described,” and when once obtained for 


given coolant is fixed for the various sizes and shapes and ing 


pendent of the quenching temperature. There then rey 
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Fig. 3—Relation Between ‘‘Lag’’ in Center Cooling and the Surface Per Unit of \ 


of Steel Samples Immersed in Water, Oil or Air. 
The Method of Determining ‘“‘Lag’’ is Described in the Text. 


sé 


lag,’’ x, and the ‘‘time-constant,’’ y, for evaluation before th 
time, T, from the quenching temperature to any lower tenipera 
ture can be directly determined from equation (5). 

A study of the ‘‘lag,’’ x, in cooling curves taken whe 
quenching a wide variety of sizes and shapes into water, the 0! 
and air shows that in any one coolant this increases with «i 
erease in the surface per unit of volume; it is greater for a given 
surface per unit of volume when cooling in air than when queneh 
ing in oil and, likewise, greater in oil than in the more ‘‘drastic 


water quench. As indicated in Fig. 3, in which is shown the 
relation, plotted logarithmically, between ‘‘lag’’ and surface per 


unit of volume, the differences between water, oil and air dimin 
ish as the size of sample increases (as the surface per unit 0! 
volume decreases). This feature again confirms the view, alread) 


expressed, that the center cooling of large masses is effected 1 


1 much smaller degree by the coolant than small sections, 


TRefer to footnote (1). 
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» surface is far removed trom the center and is small 
oarison with the volume olf metal to be cooled. 

attempt was made to express mathematically the rela 
rween ‘‘lag,’’ surface per umit of volume and the coolant, 
is a simple matter to prepare a chart covering these rela 

which values of the ‘‘lagw’’ may be sealed directly. This 


‘chart, which should be more useful from a practical stand 


Table III 


Values of the Time Constant ‘‘y’’ for Various Cooling Ranges in 
Various Coolants 
lime constant for cooling ranges beginning at the quenching temperature and 
ending at the temperature shown (expressed as % ‘of quench-temperature)? 


91.4% 80.0% 68.6% 15.7% 34.3% 28.6% 22.9% 


0.51 1.02 1.48 1.98 2.53 §. 27 2.68 4.40 


0.44 1.04 1.53 2.54 8.97 6.68 9.05 


04 9.19 17.92 29.295 44.82 65.57 78.22 99 R82 


ile, the range from 1000-600 degrees Cent., when quenching from 1000 degres 
is 60 per cent (Refer to footnote 8a of the text.) 


than equations, is reproduced in Fig. 4, and for the sake 

reducing its size semi logarithmic coordinates were used. 
lhe ‘‘lag’’ for any size of the simple shapes may be found 
linary eoolants by locating the intersection of the line rep 
esenting exponent ‘‘n’’ for the coolant with the curve for the 
irface per unit ef volume equal to that of the sample in ques 
on. This chart is based on the lines drawn through the ‘‘seat 
of points for water, the oil and air in Fig. 3. Each of the 


' 


Hes 


representing surface per unit of volume in Fig. 4 are there 
re based on three points, those respectively for water (n 1.75), 
oil (n 1.4) and air (n 115). Their exact curvature 
therefore, not have been obtained, but undoubtedly they are 
very close to proper form because with very slow cooling 
approximately 1) the lag would be large, so that each of 
curves must bend sharply in the direction shown. lowever, 
principles involved in the preparation of this chart are con 
sidered of more importance than the numerical values, which will 
hange for different metals. 
Since xX of equation (5) 1s now known for any ordinary cool 
it tor which the value of the exponent ‘‘n’’ is available, only 
ie ““time-constant,’’ y, must be secured. The solution of equa 


‘}) for vy, based on experiments with a variety of sizes and 
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» example, consider motionless water at 20 degrees Cent. 
the value of the exponent ‘‘n’’ is equal to 1.75. If a 
mperature cooling curve is available for a sample with a 
per unit of volume of 1 when quenched from, say 870 de 
Cent.. the following procedure is used in the derivation of 
curves for other sizes and shapes quenched from tempera 


at or above about 720 degrees Cent. 


Kirst. determine from the known cooling curve the lag 
x) and solve the equation (5) for the time constant, y, 
for various cooling ranges, for example, from the quench 
ing temperature of S75 to SOO, from 875 to FOO, from 
875 to 600 degrees Cent., ete. 


The values of y obtained for each interval apply to the 


various sizes and shapes which may be considered. 


Secondly, determine from the “‘lag’’ chart, Fig. 4, the 
values of x for the various sizes and shapes for which 
data are desired. These values are obtained from the in 
tersection of the line n 


1.75 with the respective sur 
faces per unit of volume of the sizes and shapes to be 


considered, 


Third, to locate the cooling curve, substitute in equation 

>) the proper value of x for the size considered, the 
proper value of surface per unit of volume and the value 
cf y for each of the cooling intervals desired and solve 
in each case for the cooling time T. 


If these values of T are plotted against the final temper 
ature expressed as a proportion of the cooling range, a 


time-temperature cooling curve will be obtained which 


will represent the cooling of the particular size and shape 


considered when quenched from any temperature at or 
above about 720 degrees Cent. 


If this process is repeated for various values of surface 
per unit of volume, a series of cooling curves will be ob 
tained for the various sizes and shapes quenched into 
this coolant. 
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The results of computations carried out for air in 
similar to that described above gave the typical resu! 


in Fig. 6. This chart, which has been plotted to logari: 


No.2 ou quench 
6 
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and the Surface Per Unit of Volume of the Sample. 
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Quenching Temperature to a Lower Temperature Expressed as a P 

Temperature of Quench. (Refer to Footnote 3a of the Text.) 


ordinates to reduce its size, is not presented so much 





N} 


() 


numerical values as to demonstrate the method of prepar 


which may be applied to many eoolants. It is to be understo 


that the term coolant here refers to a medium at a )p: 
temperature with a particular rate of circulation or mot 
change in any one of these or other important factors re} 
a change in the coolant. 


‘ 
* 


rocp) 


oO] 


QUENCHING CURVES 


Time -— minutes 


4 
144 
44 
ry 
ea 
rs? 


auiyDsada, DulyIMand {0 UID Jad SD passaudxa- auNoIsdWaL 


LV. GENERAL DISCUSSION AND SUMMARY 


\dmittedly, the described methods and relations are empiri 
r they are not based on the fundamental constants of mate- 
but upon direct experimental determination of cooling 
inder a variety of conditions. heir accuracy or that of 


omputations for other coolants depends upon the accuracy 
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Fig. 7--Comparisons of Derived and Experimental Air Cooling Cur 
of Various Sizes and Shapes. 
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Fig. &——Comparisons of Derived and Experimental Oil Cooling Curves 
of Various Sizes and Shapes. 

Some of the Properties of the Oil Used in These Experiments (Call: 
Are Given in the Publication Referred to in Footnote (2) of the Text 
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“ained in the experiments upon which they are based. For 
his reason, it would be unwise, under ordinary conditions, to 

aleulations for a vive coolant on a single cooling eurve. 
\ safer course would be to secure curves for at least two widely 
different sizes and shapes and in both cases to demand at least 
consistent experiments. 


However, with accurate basic data from which to make eal 


experimental 
—— experimental 


— — derived 


ae baer ived 


fn 

oS 
oOo 
= 


Temperature 





06 : 
Time - minutes 


%—Comparisons of Derived and Experimental Water Cooling 
if Various Sizes and Shapes 


LeChatelier’s Cooling Curve Obtained oO Met. Mem 65. Part q 
495 


Curves 


‘ulations, cooling eurves will be obtained which are close to those 
determined experimentally and more representative of the actual 
cooling than curves derived at this time from purely theoretical 
‘ousiderations, because the latter include assumptions and approx 
unations of the values of certain physical constants of materials 
Which are not now accurately known. This has been fairly well 
‘stablished. 

Comparisons of derived curves with those determined exper 
mentally for different sizes and shapes quenched in water, oil 
or cooled in air are given in Figs. 7, 8, and 9. 


prac 


As far as was 
icable these comparisons were made with results of other 
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investigators and show that direct experimental confir 
available for the described empirical relations coverin 
range in conditions. Naturally the derived values do yo' 
check all published results for like quenching condi | 
agreement is obtained with representative experimental < ot] 
than that obtained by the authors. 

It will be observed in Figs. 7, 8, and 9 that ther 
appreciable variations between the derived and experiment 
ing curves in the zones of thermal effects of transfor 
There is no reason why these thermal effects should not be ¢.| 
into account in determining the time-constants for a given coolay 
so that a closer approximation will be obtained throughout | 
entire cooling range, particularly for large masses. This 
done by the authors because the magnitude and _ position 
transformations vary with different steels, and, as alread, 
in this report, there were variations in composition of the 


from which the large and small specimens were prepared. ‘Ty 
important feature to be emphasized is the similarity, in a giy 
coolant, between the center cooling for various sizes and shap 


eS 


which enables a resolution of cooling curves into two major co) 


ponents, both related to the surface per unit of volume of th 


sample: (1) an initial period ealled ‘“‘lag,’’ which represents 
per cent of the cooling range, and (2) thereafier the typ 
time-temperature changes characteristic of the particular 
Attention should be called to Law’s water cooling cu 

an 18-inch cube in Fig. 9. The derived cooling curve for such 
cube, based’on the average ‘‘lag’’ from Fig. 3, is shown |) 
dotted line A in Fig. 9, which is generally parallel to, but offs 
from, the experimental curve given by Law. In other words, t! 
major difference between the two is due entirely to the initi 
period or how soon after immersion in the water an apprecial 
center cooling begins. Comparison of Law’s water cooling an 


oil cooling curves for the same cube shows the ‘‘lag’’ to be greate: 
in water than in the less ‘‘drastic’’ oil quench. There is consid 


erable evidence from various sources that this is improbable 0: 


least associated with some unusual or not fully defined conditions 


in his experiments. If the actual ‘‘lag’’ sealed from Law's « 
is used in place of the average lag for this size of cube g 


Fig. 3, the dotted line B in Fig. 9 is obtained and closely agrees 


with the experimental values. 
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(t should, perhaps, be pointed out that for large masses small 
jifferences in the surface per unit of volume result in relatively 
iaree changes in the “‘lag,’’ due to the fact that the relation be- 
tween these two factors is such that when plotted to logarithmic 
aoordinates a straight line is obtained, as in Fig. 3. In other 
words, & supersensitive set of conditions are encountered, and un- 
less these are accurately defined when experimenting with large 
masses, appreciable variations are to be expected in duplicate 
cooling eurves, Which may be generally parallel to, but offset at 
some distance from each other. 


, 


Special attention should be called to the fact that the values 
f the exponent ‘‘n’’ of equation (5) are the same as and apply 
equally well to the relations between mass and cooling velocity 
previously deseribed® as to the time-temperature relations dealt 
with in this report. This adds material weight to the validity 
of the deseribed relations. ; 

Another feature of interest lies in the relation between this 
coolant constant,.n, and the ‘‘lag.’’ Were it not for the fact that 
it is impracticable at this time to attain the desired degree of 
accuracy in the experimental work, the value of ‘‘n’’ for a cool 
ant might be determined directly from Fig. 4, after measuring 
the lag in the manner described when cooling some one size of 
the simple shapes in that coolant. 

Aside from the determination of cooling times in typical 
coolants, the methods outlined make possible a correlation of 
data, irrespective of size (of the simple shapes) and quenching 
temperature (when at or above about 720 degrees Cent.), which 
heretofore has been exceedingly difficult, if not impracticable. 

There follows a summary of the main features of the de- 
scribed experiments. 

l. In a given coolant the center of a sample of given size 


and shape cools in equal times to equal proportions of the cool- 


ing range. Thus, if temperatures are expressed as a proportion 


of the interval between the quenching and coolant temperatures, 
results obtained are directly applicable to any quenching temper- 
ature (when above the transformations). 

2. When quenching various sizes of the simple shapes into 
a given coolant, the center cooling time minus a factor ealled 
“‘lag,’’ is inversely proportional to the surface per unit of volume 


tnote Refer to footnote (1). 
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raised to some power greater than 1 and less than 2. || 


;mo 


iy 


ing time, S surface area, W volume, n a constant depend wish 
ing upon the coolant, y the ‘‘time-constant’’ which, for 4 i , 
coolant, depends only on the cooling interval considered, expresy, re 
as a proportion of the cooling range, and x ““lag.’’ which ' we 
the time required for the center to fall 2 per cent of the cooliy “a 


range, then these relations may be represented by the equation omp 


ale W\n _ a 
r— x yYis ) 


3. ‘‘Lag,’’ which refers to the time required for the {ey 
perature at the center to drop 2 per cent of the cooling ranop 
increases with the size of sample and, hence, with decrease in the 
surface per unit of volume. It is greater for a given size ani 
shape of sample in slow coolants, such as air than in oil, and 
likewise, greater in oil than in the more ‘“‘drastic’’ water quenet 
While an equation can be derived, giving ‘‘lag’’ in terms of the 
coolant exponent, n, and the surface per unit of volume this has illo 
not been included in this report; instead a ‘‘lag chart,’ Fiv, 4 nol 
was prepared from which values may be scaled directly for vari 
ous sizes and shapes quenched into various coolants, provided 
only the coolant-constant, n, is known. 

4. From this chart and equation (5), above, time-tempera the 
ture cooling curves may be derived for the center of various sizes ou 
and shapes quenched from various temperatures into ordinary 
coolants, provided only the coolant constant is known, and ther 
is available a cooling curve on some one size quenched into tli: 
coolant from some one temperature. It is, however, generall) 
safer to base such calculations on determinations from sever! 
sizes if reasonably good accuracy is to be obtained. 


ACKNOWLEDGMENTS | 


Acknowledgment is made to T. E. Hamill, laboratory as 
sistant, for his assistance in carrying out the experimental work. 
and to J. F. Harper of the Allis Chalmers Manufacturing Com 
pany, Milwaukee, Wis., for supplying prior to publication th 
cooling curves on the 12-inch cube. 


Discussion 


R. 8. ArcHer: We all appreciate what a task the authors hav inde! 
taken in this analysis of couling rates and that they have done an timmens 
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if careful: work. There are however one or two technical points | 
mention and then a philosophical point. 

‘irst, a question: I understood Mr. French, in referring to Law’s ex 
veriment, to say that Law had found a smaller lag on oil quenching than on 
ter quenching, and that Mr. French would expect a smaller lag on water 
quenching because the rate of cooling is faster. Is that correct? 

H. J. Prencuw: Law did not consider this factor called ‘‘lag’’ but by 
omparing his oil and water cooling curves you will find that the time re 
‘red for a drop of 2 per cent in the cooling range, which we have define:| 
ag'’, is smaller in the oil quenching than in the water quenching. 

k. S. ARCHER: I may not understand just what this lag means physically, 
ut it would seem to me that the faster the rate of cooling as a whole, the 
greater would be the difference in temperature between surface and center 
it any given time, 

H, J. FreNcH: That is correct. 

k. S. ArcHer: Well, then, we are in agreement on that, 

The second technical point concerns a line of evidence from an entirely 
lifferent field. It may seem quite far from foundry practice in aluminum to 
hardening steel, but we have encountered some of these questions regarding 
ooling rate. In the process of refinement or modifying of aluminum silicon 
illoys, it becomes fairly important to know the time required for a pot of 
nolten metal to cool from a certain temperature to the pouring temperature. 
In connection with Mr. French’s remarks about the relative constancy of air 

i voling, it may be of interest to mention that we have found an important 
vided liference in the time required to cool from, say, 1400 to 1280 degrees Fahr., 
lepending on the weather, This work is carried out inside the foundry, where 
pera the atmospheric temperature only varies a small amount as compared with the 
Sizes outside temperature, but when the outside temperature varies, say, 40 degrees 
nar ahr., we find a difference in that cooling rate that is important to us, ana 
the : more than we expected. The difference in the temperature of the air inside 
sah he foundry was probably not over 20 degrees Fahr. 
this H. J. FRENcH: What percentage would that difference be in your case? 
cooling rate.) 

R. S. ArcHer: I do not reeall the figures, but [ would say that it would 

be something of the order of 25 per cent. 


i. J. FrencH: We found greater variations in the oil and water quench 


ng than in air cooling. I think that you may have misunderstood the remarks 
which | made. I did not say that the variations in air cooling were smal!. 
| said they would be relatively smaller than we ordinarily get in different 
plants with the oils and possibly also water. 

ik. S. ARCHER: We were surprised to find how large this was. We rather 
hoped that we eould establish definite cooling times for the various sizes of 
crucibles and be done with it, but it seems that the weather has quite an 
effect on it. 

inally as to the philosophical point. My understanding is that all this 
‘ork is directed ultimately toward the prediction of heat treatment effects 
i pieces of steel of various sizes. And the question oceurs to me, as I sup- 
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pose it certainly has occurred to the authors, whether this amount 
pays in reaching those practical results. Whenever we encounter 


i 


plex problem and a large number of variables, we eventually reac! 
of variables so great that an empirical solution in each case is 
much more certain than a calculated solution based on an analysis o{ 
There is another factor involved (if that is the object of 
which has not been discussed today, although I presume that it t: 
considered, and that is as to whether cooling rate alone is the ma 
in determining the physical changes in steel. We know that pr 
instance, plays an important part in physical transformations, 
formation of martensite is accompanied by a volume increase, there! 
an increase of pressure should tend to retard that change. For th 
| should think that in pieces of different sizes, the differences in 
conditions might have an effect on the results which would be larg 
pared with the differences in cooling velocity, and that the difference 
pressure variations might be even more difficult to predict than th 
rate itself. IL wonder if the authors have considered this and if it h 
found that these other variables are really minor as compared wit! 
ing rate; that is, if it seems that the calculation of cooling rate alon 
cient to enable us to predict fairly accurately the result of a given heat 
ment on a piece of a given size. 
only partly correct. It is true that we have given considerable attentio: 
far to the microstructure, hardness and properties of the steels being que 


H. J. FRENCH: In reply to your question, Mr. Archer, vour pr 
ph : | ; 


However, our primary object in carrying out work of this sort is not direct: 
toward the steel, but toward a study of coolants. We are primarily interest: 
in the mechanism of quenching, and could we conveniently create graded 
ants today as we would like we could undoubtedly improve the properti 
duced in steels. 

In order to study coolants we must consider the time-temperat 
tions in cooling, preferably not at the center, but at the surface. How 
ean fairly state that the difficulties encountered in duplicating results at 
center of regular sizes and shapes are sufficient for the average investigato 
One of the main reasons for undertaking this survey which was reported ¢! 
morning was to give us some general idea when we obtained a cooling cur 
at the center of the specimen, whether the conditions were anywhere n‘ g 
We have found that many variables, even with care in the laboratory, affect t 
marked degree the cooling curves which were obtained. In order to arri 
satisfactory base from which to work, it therefore seemed desiral| 
necessary to make such a statistical study as we have made in this pap 
Our ultimate object in the study of temperature distribution during cool 
and particularly the changes in temperature with time at the surfaces of st 
specimens, because it is the surface of the metal which is in most dir 
contacts with the coolant or its products. By the entire procedure we hoy 
learn more about the mechanism of quenching and coolants in general, 
than the properties produced in the steel alone. 

With reference to your comments on cooling rates in relation to 
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ietice it seems to me that the large differences in properties ot 


ing metal arising from what you believe to ! 


e only small changes 


ture of the surrounding air might more accurately indicate an 


sensitive condition on the part of the aluminum alloy 


rather thar 
ered as evidence of ANY large differences in the 


air. 
wt that pressure variations within the metal during cooling ma) 


the final properties has long heen recognized or at least suspected. 


these pressure variations are associated with variations in the coo! 
it therefore would seem of highest importance to study the time 


re relations in cooling which, through the constitutional changes 


modify the pressures you speak of. 
11. Wricut: IL would like to ask Mr. French if he made any physica} 
s theoretical quenching temperature when applied to larger masses 


t being to see if he could get equally good results, especially with 


trength and elastic: properties. 


rencH: IL do not beheve | quite understand your question. We 


made any physical tests other than hardness determinations on th: 


samples and in most of the large sections we have not made thess 
tests, heing primarily concerned with the method of comparison, 


than the numerical values for constants 


or the constituents and the 
tie of the steel. 


Did L understand your question? 
H. Wrieant: Correct. 


0. Z. Kuorpscn: It might be mentioned that Law gave the tensile proper 


ghout the 18 inch cubes which he quenched, These results showed 


he tensile properties at the center were very nearly the same for either 
or air cooling. I think they varied in the neighborhood of onl) 
yinds per square inch whereas at the surface they varied from 40,000 
pounds per square inch, 
J. MerTEN: | would like to ask Mr. French 


whether he found any 
e in the curves when quenching the steel in 


an agitated liquid as is 
al procedure in heat treating plants. 


J. Frencu: That is a rather mean question, Mr. Merten, because of 


ict that we have plenty of difficulties in checking curves for supposedly 
ite experiments. We believe we have 


would not want to make 


found considerable difference, 
a positive statement to that effect. If th 
ion or coolant velocity is high enough, there is no question about the 
of real differences in cooling rates but those differences are more 0: 
sked at the center. 
| there are very large differences, and other interesting features which 
prepared to discuss at this time. 
RTEN : 


In surface cooling curves which have so far been 


Would not such agitated coolant entirely change the 


per 
or percentage value of N? 


L, 


FRENCH: Yes, I mentioned before that all of these constants were 


upon the composition of the coolant, the rate of 
re, ete. 


ent agitation, and 
When I say ‘‘coolant’’ I refer not only to a particular com 
for example, water, oil or air, but to a particular temperature and 
citation as well. 











— 
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L. A. LANNING: | would like to ask if you found any differ iY 
ing rates due to the surface finish of the specimen? 

H. J. FreNcH: Yes, we have. I do not know that [ speak 
the same thing that you do, but 1 ean give you a specific examp 
[ mean. If we take certain oils and blend with them other 
ordinary steel samples, we find an increase in the cooling veloci 
neighborhood of 700 degrees Cent. when quenching steel samples fro 
degrees Cent. Now, if in place of using a steel sample with 
finish or a ground finish, we nickel-plate, chromium-plate or silver-»)|,{ 
sample, we do not necessarily get, from measurements at the center, th 
increase in cooling velocity from the blended oils. The character of +), 
surface undoubtedly does have, at least in some cases, & marked effect. 
we do not know what the limiting conditions are. I could not ansy 


er vy 
question if you had put it into this form: ‘‘ Does a polished or lapped gy 
face give you a different cooling than a rough machined surface?’’ 

However, | may say that we believe the differences in this case wo 
of a different order of magnitude, than the differences of which [| pre 
spoke when referring to quenching in various oils, 

The determination of the effects of surface condition on the cooli 
quires special equipment and precautions experimentally for it must by 
membered that with ordinary methods of heating and quenching we get o: 
tion both in the heating and the transfer of the metal io the quenehin 
and we no longer have the surface conditions we started with. 

Dr. J. A. MatHews: I would like to ask Mr, French if thermal 
duetivity due to variation of carbon content, or more especially to the add 
tion of alloys, has anything to do with the results? 

H. J. Frencw: It may have, Dr. Mathews. In all these cases we ha 
to go more nearly to extremes in order to develop, with our present metho: 
of test, the importance of such factors. If, in place of steel samples, wi 
copper, we get very much higher rates of cooling for the same size quenche 
in the same¢ coolants. As far as our tests have gone, the very low carho 
steels cool somewhat more rapidly than the higher carbon steels, but the diff 
ences are not of the order of the differences when a change is made, | 
example, from ferrous products to copper. We have made tests on | 
speed steel samples, certain structural alloy steel samples, and certain allo 
tool steels, notably the higher carbon—low tungsten varieties and all of thes 
fall in line pretty well with the cooling curves which we have obtained on th 
earbon steels. There may be differences, but they are very hard to de! 


with certainty by our test methods and are not of a very large orde! 


Authors’ Closure 


Since presentation of this report an air cooling curve taken b) Bas 
some years ago on a 45 inch ingot has been obtained through J. Harpe : 
of the Allis Chalmers Manufacturing Co., Milwaukee, Wisconsin. [It 1s 21 
in the figure below and in comparison with the various curves contain 


(Continued on Page 906) 


GRAPHITIZATION AT CONSTANT TEMPERATURE 


By H. A. ScHWARTZ 


Abstract 


The preparation of this article was motivated mainly 
by a desire to demonstrate that the graplutizing reaction 
is not the erratic and poorly understood phenomenon 
which some metallurgists believe it to be, but rather, that 
it is the expression of the operation of entirely definite 
natural laws, as well established as any in physical chem- 
istry. It as further desired to emphasize the fact that, 
although these laws are simple in principle, the physical 
constants involved are functions of so many variables 
that their application becomes distinctly complex and 
not to be safely undertaken except after a thorough 
knowledge of the circumstances. 

The material presented consists of a mathematical 
analysis of the data of graphitization. <As a result of 
this treatment, a means for the laboratory determination 
of graphitizing rate, as a physical constant of any given 
hard tron, 1s outlined, This method is new, so far as 
the author is aware, and constitutes the only practical 
application, here given, of the theoretical principles 
conside red, 

It is demonstrated that the rate of graphitization 
is determined by the rate at which carbon can migrate 
in iron. The progress of graphite formation with time 
is shown to be an expression of the changing migratory 
distances, and concentration gradients produced by the 
reaction. 

This demonstration, also, is believed to be new. The 
procedure by which the mathematical characteristics of 
the observed graphitization curve are used to determine 
the character of the physico-chemical processes occurring 
is also, perhaps, sufficiently unusual, to possess interest 
for the theoretical metallurgist. The writer does not 
recall any other similar problem which has been solved 
hy this method of attack. 

Reference is made to the range through which the 
graphitizing rate varies in commercial material. The 
effect of silicon on this constant is discussed. For a 
variely of reasons, none of the other variables which 
affect this constant have been considered, and the reader 
\ paper presented before the Cleveland Convention of the Society, 

veptember, 1925. The author, H. A. Schwartz, member A. 8. 8S. T., is director 
of research, National Malleable and Steel Castings Co., Cleveland. 
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is cautioned against any belief that the cumulativ: 
of the many variables involved can be summed up 
assumptions as to their effect separately. Part! 
account of these theoretical perplexities, and also be. 
it was desired to focus the attention upon metallurgicg 
principles only, nothing im the nature of operating dai, 
has been included. The malleable metallurgist may, »¢, 
haps, find here an explanation of some of the fundan: 
tals of his process, but no suggestions as to desirah|, 
objectionable practices. 


N ANY experimenters have examined the phenomenoi 

graphitization during the past ten or fifteen years. Ver 
generally they were interested in the conditions of time, tempers 
ture, and carbon concentration at equilibrium. Many workers, a 
for example, White and Archer (1),’ gave data as to the provres 
of graphitization with time, but, in general, such data were j 
serted mainly as evidence that the reaction had ceased under giye 
conditions. A few experimenters, of whom White and Gladhill(2 
may be considered typical, were concerned with the effects 
variables upon the time to attain equilibrium. 

Hayes, Diederichs, and co-workers(3) have considered 
circumstances under which graphitizing time may be reduced | 
a minimum without elaborating upon the effects of variables ot 
than temperature on this time. Heyn(4) and the present author() 
have shown graphically the progress of graphitization with tim 
but made no effort to elucidate the significance of the form o! 
curve observed. 


An exposition of the characteristics of the curve correlating 
graphite formation with time is deemed to possess considera) 
importance. It will be shown to permit of conclusions regard 
ing the theory of graphitization, and furnish a basis for a pre 


cise method of measuring graphitizing rate. Such a study will 


also be of significance as applying to the general problems of stab 
and metastable equilibrium. In addition, it may be useful to th 
metallurgist who is not a specialist in the malleable castings field 
in that it will put at his disposal information calculated to den 


onstrate that graphitization follows a perfectly logical system 0! 
natural laws, and cannot be influenced in rate by methods not 10 


harmony with these laws. 


1The figures in parentheses have reference to the selected bibliography append 
paper. 
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present paper is prepared from these view points and 
avoids any references to causes affecting graphitizing 
ich are not already within common knowledge. 


GENERAL CONSIDERATIONS 


he present discussion is limited to a study of the graphitiz- 
reaction at constant temperature in the interest of simplicity. 
Some preliminary studies have indicated that the progress of the 
at falling temperatures, as in practice in the later stages 
annealing,’’ does not yet lend itself sufficiently to generaliza 
us to warant its inclusion herewith. The experimental proced 
inderlying the investigation consists of the theoretically simple 
rocess of heating white east iron of known history and composi 
for various periods of time, quenching, and determining the 
‘and agraphitic carbon, and the microstructure if required. 
purposely, the term agraphitic, suggested by Dr. H. M. 
to designate that carbon not present as free graphite, in 
to avoid any assumption as to whether such earbon is in 
d solution as such, or as cementite, or is present as free 
nentite. 

\ detailed deseription of the method of experimentation is 
re omitted in the interest of brevity. Suffice it to say, that the 
ssible errors due to fluctuations of temperature, decarburization 
specimens, sampling, and analysis have been very carefully 

ousidered, and minimized, as far as possible, by the adoption of 
precautions which many years of experience have sug- 
ested as desirable and practicable. 


The work was primarily confined to temperatures above A, 
though some information was gathered from which to draw con- 
lusions as to the identity or otherwise of the mechanism of the 
tion above and below A,. Since the problem has, in some of 
s aspects, engaged the attention of the writer and his earlier 


0-workers for ten or fifteen years, it is difficult now to assign 
proper 


if 


credit to each member of the metallurgical staff of the 
National Malleable and Steel Castings Co., who has contributed 
naterially to the subject. 

The recent intensive study of the problem was begun by Dr. 
M. M. Austin, now of the University of Illinois, to whom, also, 
We owe the suggestion of investigating the facts as to number of 
‘arbon nodules. Upon Dr. Austin’s retirement from service in the 
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Research Department, the analytical and heat treatme: 
taken up by Mrs. Anna Nicholson Hird, who has ¢ 
major portion of the data. H. R. Payne carried on al 
lographie work required. G. M. Guiler contributed t 

eal end of the problem, and he and H. H. Johnson aided 

in checking the mathematical theory involved. 

Especial thanks are due to Arthur 8. Hathaway, lately p 
fessor of Mathematics at the Rose Polytechnic Institu! 
solution of one of the fundamental mathematical 
involved. 

Since no useful purpose would be served by thei 
the hundreds of determinations made incidentally to ¢| 
will be omitted, except insofar as they furnish the basi, 
various graphs or require particular reference. The mathema 
treatment being new, cannot be omitted, but is largely reles 
to the Appendix, where it may conveniently be ignored 
non-mathematical reader, while continuing available to 
thorough student. 


CHEMICAL DATA 


In Fig. 1 are shown four typical graphitization curves. 
ordinates represent the degree of completion of graphitizat 


i. e., the percentage of the carbon available for graphitizat 
which has been precipitated. The carbon available for graphiti 





tion is the total carbon of the material less the agraphitie car)o 


content of the stable solid solution at the temperature and sil 
eontent chosen. For data on the latter point, the reader is 


ferred to previous publications from this laboratory (6) ,(7 


The abscisse represent hours and are plotted to a logaritlimi 


) 


scale. The four curves represent two different irons at eacli 0! 


two different temperatures. The materials differ moderate|) 


earbon content, as between 2.60 and 2.25 per cent, and were. 


yf 


! 
il 


selected primarily because they differ about as widely in graphil 


ing rates as any materials which would be encountered in comm 


cial practice. They differ in silicon, but it may be stated her 


that this is not the scle reason for the difference in graphitizabilit) 
It will be noted that under the scheme of coordinates li 


‘osen, the four curves can be brought into practical coincid 
by shifting them horizontally. A few minor discrepancies 
here creep in, due to the fact that the solubility of carbon in 
two systems is a function solely of temperature (for a given sill 


t} 
| 


wes 
i( 
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This solubility, therefore, constitutes a different per- 
of the total earbon as the temperature and total carbon 


‘he variation, due to this consideration, is, however, rela- 
yall. and will oeeasion no confusion if the reader will bear 
“od that some correction for this factor is admissible. 
in Fig. 2 the four curves of Fig. 1 have been averaged by 


HOURS 
10 20 50 200 


ie» Linn te Ris 7 
ee ee ed 
Seer tt eT 


0: 


1—-Time Versus Degree of Completion of Graphitization 


ringing them into coincidence by a shift which arbitrarily calls 
time unity, where graphitization is one-half completed. The loga- 
rithmie time seale has been abandoned for a uniform one. Be it 
emembered that they could have been equally as well super- 
mposed by selecting any degree of completion of the reaction and 
rhitrary time designation instead of 50 per cent and unity. The 
hoice is merely one of convenience. We may thus draw a con- 
USLOTL 
|. All graphitization curves are alike when plotted to ordi- 
nates representing graphite formation, as a percentage of the pos 
le total; and time, using as a unit that required for the comple 
tion of half (or any other constant fraction) of the total reaction. 
An exception arises when the conditions so vary that the graphitiz 
ible carbon corresponding to the saturated metastable solution 
(oes not constitute the same fraction of the total graphitizable 


‘arbor , 


In Fig. 3 is plotted a similar curve for one of the same metals 


1 
' 


sraphitized at a temperature below A,. 
Certain other chemical data requisite for the development of 
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Fig. 3—Time Versus Degree of Completion of Graphit 
Belew A:. 





(PHITIZATION AT CONSTANT TRMPERATURI SSY 
; will be alluded to in connection with later developments 


ject. 


METALLOGRAPHIC DATA 


nts of the number of temper carbon nodules per unit area 
ide in a number of series of experimental heat treatments 
nens removed after remaining for various times at a given 
ture. The number of nodules per unit volume may be 
from such a count, and a graphite determination b) 
the equation 
MN? 16 m* (1) 


derivation will be found in the appendix. Where M is the 
phite content, N the number of nodules per unit volume, and 
number per unit area in a random plane. 
While the results of such counts are somewhat erratic in 
erent fields, and, at best, difficult, still it could be shown that 
many fields be counted and specimens of a number of heat 
nents are available, the total number of nodules in a given 
me does not either increase or decrease materially at any time 
in that when only sufficient carbon has precipitated to permit 
reasonably accurate count up to the time when equilibrium is 
ned. The assumption seems warranted, therefore, that 
vraphitization proceeds by an increase in size rather than 
r of carbon nodules, 


The very interesting problem of what determines initially the 
oint at which free earbon forms in the metallic mass is here 
smissed without consideration. The laws governing the number 
f such spots have received some study. The problem is extremely 

and it may well be neglected here as forming no part 

present thesis. The determining factors lie both in the 

hemical and other characteristies of the metal, and in the specific 
it treatment. 


The initial stages of graphitization are represented by micro 


pis in Fig. 4 and 5. The essential feature of the former is that 
this intermediate state the structure consists of nodules of car 
irrounded by zones of solid solution in which no cementite 
These zones are embedded in a matrix of cementite and 
olution, which, in general, is similar to the structure of the 
iil hard iron when quenched from a similar temperature 


ones and nodules, while not actually spherical, may be con 
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Fig. 4—Graphitization at Constant Temperature. Formation of Free Cal 
Degrees Cent. The Irregular Butterfly Shaped Module of Free Carbon Surrounded 
Martensitic Solution. The White Cementite is Largely Destroyed in Region § 
the Carbon. Note the absence of small Cementite Grains near Carbon. The Small Bl: 
are Troostic and Not Free Carbon. Magnification 500 X. 

Fig. 5—Graphitization at Constant Temperature. Formation of Free Carb 
Degrees Cent., Showing a Rounded Black Nodule of Carbon surrounded b) 
which are Embedded Spheroids of Cementite. The Massive Cementite of Dend 
Structure Persists. Areas near the Carbon have ri latively Little and Finels 
Cementite. Distant areas show Laminae of Cementite and Larger Quantities. M 
500 X, 
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lored equiaxed, and so distributed that the mean diameter of 
many zones or many nodules is the same in every direction; i. e., 
jo structure is mathematically equivalent to a series of spheres 
fearbon occupying the centers of spheres of solid solution which, 

turn, are enclosed regularly in a heterogeneous system of 
ementite and solid solution. 

Mic. 5 differs from Fig. 4 in that the structural entity first 
lisappearing is the eutectoid cementite, the eutectic cementite 
oing but partially removed at the same time. There thus result 
pherical areas in which the pearlite is replaced by ferrite, but 
hrough which the more massive cementite still persists. 

From the metallographic data we may for the present limit 
urselves to the econelusion that 

If. Graphitization proceeds by an increase in size rather than 
f number of carbon nodules. 


DISCUSSION OF DATA 


Returning now to the curve of Fig. 2, we find it possible to 
determine empirically the equations of this curve. As a matter 
{ fact, there are four segments of the curve, each of which must 
e treated separately. From the origin to about 50 per cent of 
the total graphitization the equation is of the form 


ec = at'* (2) 


vhere (’ 


is the precipitated carbon and t the time, a being an 
experimental constant. From about 76 per cent to about 85 per 
ent completion, and from 85 per cent on, the curve is of the form 


logiokk = logwko — bt (3) 


vhere k is the unprecipitated carbon, t the time, and b and k, 
experimental constants. The values of b and k, are. however, 
different in the two segments. The segment from 50 per cent 
to 76 per cent is neglected for the present? 

Now it can be shown (see Appendix) that equation (2) rep- 
resents the rate at which carbon will flow, at a constant gradient 
through a hollow spherical shell to a central spherical nucleus if 


} 
t} 


he shell constantly enlarge its outer diameter in the same propor- 


‘ion as the diameter of the carbon nodule increases by this 
migration. 


if now we assume that the even distribution of carbon nodules 
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has placed them at the corners of cubes having a pa se entral 
2 1, then there will be available for deposit in each | le 4] trom 
graphitizable carbon in a volume of 8 1°. When the 
mass surrounding the nodule has attained a radius oj 
spheres around adjacent nodules will interfere. The 
such a sphere is ns 


= rl? 
3 
hence, the cementite in i 
7 
- 
times the total mass is destroyed when such interference oer) . that if 
If we assume the spherical zone to have no available carbo) may 
remaining in the sphere, 52 per cent of the available carbon ha ppro 
then been deposited. However, the spherical zone is in equilibriy T 
at the inner surface with carbon, and at the outer with cementite. omp| 
If k.. and k,, represent the solubility of earbon in tly nositl 
metastable and stable system, it is shown in the Appendix that Howe 
the mean carbon concentration in such a sphere is porti 


| \ 


Kgr 4 56 (Kem —- Kgr) 

There is thus available for graphitization four-fifths (about 
the carbon which would be available if the sphere were saturated nal 
austenite throughout. In the present case this would average 2) a 
per cent of the total graphitizable carbon. Instead, therefore, o! - d 
the original law terminating automatically with 52 per cent o 
the reaction complete, it will terminate sooner; i. e., at abou | 
43 per cent. “ 

It has been possible to explain the segment of the curv 
20 to 76 per cent completion by considering the decreasing areas 
of cementite bearing metal in contact with the cementite Ire 
spheres. When this caleulation is made, it is found that it in 
volves hardly a measurable retardation of the reaction by the tim 
the 50 per cent point is reached. 

A logarithmic relation between time and the concentratio 
of a reacting substance is quite general in chemical reactions 1 
involving migration. Two such ares of differing constants are no! 
so easily explained. 
Hathaway has shown in the Appendix that the carbon co! 
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antration of a spherical mass originally of uniform concentration 
‘om which the earbon is removed by precipitation at the center is 


-h*t (ene)? IT? 


6k, > (enti) 
sai 


is the original concentration, e is the base of the Naperian 
-stem of logarithms, h? is the diffusivity of carbon in iron, and 
the number of the term in the series, and t the time. 

It has been further shown there, that while the locus of this 
pression cannot even be approximated in any reasonably small 
mber of terms, the curve is similar to a logarithmic one except 
hat it is more steeply convex toward the axes of reference. It 
may be that the two logarithmic curves are merely an empiric 
yproximation at Hathaway’s equation. 


The beginning of the first logarithmic curve at 76 per cent 


mpletion of the reaction corresponds very nearly with the com- 
sition caleulated for the cementite free zones by equation (4). 
However, we find that the value of k, in the equation of the last 
tion of the eurve is 22 per cent, which also corresponds rather 
osely to this carbon content. 

We are here confronted with two possible explanations be- 

which it is, as yet, impossible to decide upon strictly ex- 
perimental evidence. We may assume that the intersection of the 
‘inal logarithmie eurve with t 0 represents the 23 per cent of 
ingraphitized carbon existing at the moment when all cementite 
is destroyed. If so, we must believe that the graphitization of 
solid solution is not influenced by migration rate, but either that 
irbon graphitizes, in situ, or else so slowly that it can always 
ind time to migrate to a nodule in the neighborhood. 

On the other hand, we may assume that the two logarithmic 
ares represent an approximation at the locus of Hathaway’s equa- 
tion, and that we are really concerned with a reaction, whose 
velocity is determined by rate of migration, which begins at the 
int in time where cementite is all destroyed, and corresponding 
in theory to an ungraphitized carbon content of 23 per cent, as 
compared with the 24 per cent observed as the beginning of the 
earlier logarithmie are. 

(iraphitization, in situ, is improbable, for there 1s no micro- 
evidence of the existence under these circumstances of very 
divided graphite. Hayes(8) demonstrated such a structure 
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to characterize the stable eutectoid, which cannot her 
formed. As the differences in carbon concentration diy 
the migratory distances increase, the rate of migration 
should decrease. If the original reaction velocity was de 
by rate of migration, then it is difficult to suggest why 
later stage, should not also be so determined when the 
rate has decreased. If we assume that the two lovgarithy» 
represent substantially the locus of the Hathaway equatio) 
then the coincidence that the apparently logarithmic final ey» 
intersects the t 0 line at a point in ungraphitized carbon joes 
that corresponding to the disappearance of cementite arises fpoy, 
the symmetry of all the graphitization curves, and the extrapolated 
eurve has no metallurgical significance. This view is believed ty, 
be the more logical. Another interpretation is suggested followine 
conclusion LV, 

The curve shown in Fig. 3 differs from those previous! 
diseussed in that it is apparently composed of only two ares. Ty 
first is of the form of equation (2), the latter of equation 


) 
— ) 


Fig. 5, however, shows that here we are not encountering the enti: 
removal of cementite from zones around the earbon nodules. by 
mainly that of eutectoid cementite. The point of inflection of 
the curve, marking the change from one mathematical form 
another, corresponds to the disappearance of pearlite and of su 
portions of proeutectoid and eutectic cementite as are destroyed 
at the same time. 

It is noteworthy, also, that we have here evidences of major 
‘migrations of carbon at a temperature below A,, where carbon is 
nearly insoluble in either system. We do not encounter [ayes 
eutectoid(8), but large nodules of carbon. This observation does 
not contradict that of Hayes, who observed the formation of thy 
stable eutectoid on cooling slowly to, and through Ar, stable, anc 
did not report on long continued treatments entirely below \,. 

The paraboloid in this curve represents a migration ral 
through the ferrite. The significance of the logarithmic curve 
the destruction of cementite has not vet been studied sufficient! 
to permit definite conclusions. It may represent an interface 


action at the surface of contact of cementite and ferrite, or |! 


some other way represent a reaction decreasing as the amount 
cementite decreases. We have thus shown that: 
III. Graphitizing rate is determined by the rate of micratiol 
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*arbon, in some form, through solid solution, or through ferrite. 
Murther, we have examined the possibility that graphitization 
an interface reaction occurring at the surface of contact of ear- 


oy and solid solution, for example. It is shown in the Appendix 
that if this be true, then the relation 


at” (6) 


should exist throughout. Since earbon is shown not to be a cubie 
‘inetion of time, but that actually 


. proof that we are not concerned with an interface reaction. 


Leaving further conclusion for a later part of this paper, we 


nay now use our newly gained knowledge for a practical applica 


tion Which in turn will permit a further theoretical development. 


MEASUREMENT OF QGRAPHITIZING RATR 


Reference has already been made to the fact that) various 
experimenters(1)(2) have coneerned themselves with the time re 
wired to attain equilibrium, Our previous considerations will 
show that this time is infinite in all cases, since the logarithmic 
terminal curve becomes horizontal only at infinity. What is actu 
lly measured in such cases is only the time until the observer can 
detect no further changes in what seem to him sufficient time. 
The time decided on, therefore, mereases with every increase in 
perimental precision, ~o* 

Now, a more aceurate and infinitely more rapid means for 
leasuring graphitizing rate is rendered availabie by the previous 
portion of this research. We have shown that all graphitization 
curves begin with a curve of the form of equation (3) : 


e = at*’ 


Where ¢ is the percentage of graphite existing at time, t, measured 
i any desired units, usually hours, and a is a constant. 
We may very readily determine the rate of graphitization 
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mathematically by differentiating this equation with » 
y and t, whence we get 

i de 

; dt 


but 


Hence, substituting and reducing to the simplest form 


de 


dt 


which means that the rate of change of carbon is propor 
the cube root of the carbon content, and to the cube root of 4) 
square of the experimental constant a. 

If the data are desired in terms of per cent of completion 


graphitization, as plotted in Fig. 2, it is merely necessary 













ealeulate over from per cent graphite to the ratio which 
percentage bears to the possible graphite; i. e., the total earl 
minus the solubility of carbon in the stable system unde 
conditions chosen. 

Now, since the rate of formation varies continuously as th 


graphite content ¢ varies, we can compare two metals, o) 
temperatures, only at a given graphite content. Our mathematics 


whatever carbon content be chosen. We thus have the conclusio 
that graphitizing rate is proportional to a */° where a is an e 
perimental constant which may be easily and quickly determine 
by heating a specimen of the material a given time at the tempera 









vraphite. By substituting for e¢ and t, their determined values | 
ean be calculated. It is only necessary that the graphite pre 


by the selection of a suitable time. A different value of a 
be found for each temperature. This subject will be cevelop 
somewhat more fully on a later page. 


The necessary considerations to take eare of diflerenc 


exception, the time required to approach equilibrium within 
given percentage is inversely proportional to a**. The cevelo| 
ment of this method of measuring graphitizing rate is deeime 


considerations have shown, however, that the ratio will be the sam 


ture under consideration, and determining the percentage 0! 


tated be less than one-half that available. This condition is met 


total carbon have been previously discussed. With that imino 
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most important commercial result of the present research, for by 
fc means we Gan compare with quantitative precision any number 


‘hard irons With respect to the ease or difficulty with which the) 


» be annealed. In this way future experimenters can record 


. quality of material used in researches on graphitization. As 
consequence we will be able to compare data from various sources, 
nd determine to what extent they are based on similar material. 
When conclusions are drawn as to the time required for the 
ypletion of the graphitizing reaction, we will be able to deter 
ine to What extent the results are influenced by possible pecul 


ities of the material studied. It is not impossible to find 
raphitizing rates in commercial metal differing in the ratio of 
to one. 


\nother method of measuring graphitizing rate can be used 

en necessary, although that just described is preferable. In 
stead of working on the first, or paraboloid, segment of the curve. 
e may work on the last logarithmic are, when less than 15 per 


it of the carbon remains to be deposited. We have then, that 
raphitizing rate is measured by the first derivative of equation 
whenee d log k b dt 


dk 
k b at 


dk 


or at bk 


(8) 
hence the graphitizing rate is proportional to b. 


i 
Ob. 


It is not equal 


for we have neglected certain numerical constants. From 


onclusion (1) it follows that any variation in conditions affects 


and b in the same proportion. We can then as easily compare 


raphitizability by comparing values of b as of a*’ There are 


ily occasional instances when this is advantageous, however. The 


wo constants a°/* and b are not numerically equal, although both 


lundamentally derived from the same constant; i. e., 


one measur 
ing migratory rate or diffusivity. 


If we had introduced into our 


athematies a value for earbon concentration gradient, depending 


ipon the mean length of the path of migration, and upon the 


vilue of Kon ky, aS used in equation (4), both could have been 
expressed in terms of the constant h* in equation 
lantitative relation established. 


Since the curve is smooth, it follows that the migratory rate 


5) and a definite 
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does not alter discontinuously, for example, at the 


t 


cementite disappears, whence we may conclude that 


In any given system either the form in whic! 


vraphitizing rate. 


modification 


graphitizable carbon. 


author has 


which 


the same rate, or t 


of 


contact 


The 


heen 


Jeffries 


he 


in which 


the interpretation of 


The derivation of the mean carbon content of 


migrates is always the same, or earbon in all its form 


the carb 


changes continuously with a corresponding continuon 


Beginning with this assumption, we may, perhap 


the era 


the 


free spheres surrounding nodules of carbon postulate 


migratory rate for carbon. 


Now, if the rate of mivration 


(austenite) 


cementite. 


unable 


and 


a definite difference 


and 


Arche 
clusion, that the migration of carbon in austenite demonstrat 


there be 


the mean carbon concentration will be lower. 


theoretical 


per cent of graphitized carbon calculated, say | 
cent or so, 


empiric approach to Hathaway’s equation, the first 


to 
(14) 


the fact that it could not be present as cementite. It 


migration 


We are unabli 
tally to decide between these several assumptions, althouch 


subseribe 


in the stable solid solution (boydenite|6]) be wreater th, 


also a tra 


character of solid solution as we pass from that in cont 
cementite to that with earbon, then the curvy 
to carbon concentration as ordinate, to distance from {} 
as abscissa will be steeper near the end next the cemen 


fatter at the end near the earbon than as caleulated, a 


termination 


lou 


are becoming an empiric approximation at the effect o! 
tion of the destruction of 


uuthor inelines to the latter belief as the most probable 


founded 


rate heen 


to t hye 


i 


Assume that it approximates somewhat over 15 per cet 
the 
paraboloid are extends beyond the caleulated 48 per cei 


We then interpret only the last logarithmic a 


Whit) 


| 


ite differ in atomic arrangement, then carbon will migrate 
rapidly in the former. 


}'< 





thin 


then 


na 


provel 


ever, be considered at least probable that if boydenite and aus 


exist instead of merely shown not to be impossible, an inpor! 


COM 


; 


} 
() 
| 


experimy 


(PHITIZATION AT CONSTANT TEMPERATURI son 


| be taken in deciding the question of why earbon has 
ilities In gamma tron at a given temperature, and why 
ramma transformation takes place at widely different 
res in the two systems(7). Such a difference in migra 
between phosphorus as atoms and as iron phosphide has 
ried by Fry in Stahl und EFisen, Vol. 48, Aug. 9, 19238, 


Kereer oF TEMPERATURE ON GRAPTIITIZING RAT 


ing at command a method of measuring graphitizing rate, 
ies an obvious step to attempt the solution of the relation 
this funetion and temperature, The value of a® as 
juation (7) was accordingly determined on several metals 
| four different temperatures, all above A,. 
a general rule of physical chemistry that equal inere 
of temperature multiply the velocity of a reaction by equal, 
Very generally, an increase of 10 degrees Cent. approx 
tely doubles the reaction veloeity(9).  Ishiwara has shown(10) 
tthe rate of diffusion of carbon in (gamma) iron is multiplied 
1103 for a rise of 10 degrees Cent. In either ease there is 
that the same principle should apply to our reaction, 
we view if from the view point of the effect of temperature 
livusivity, or reaction velocity, 
\ graph made by plotting the change in reaction velocity by 
rement of 40 degrees Cent. in temperature against the mean 
ty was nearly a straight line. In fact, the results agreed 
(his law much better than with any other quantitative rela 
on Which could be formulated. The effect of an inerement of 10 
ees Cent. is not quite constant, however, depending upon the 
eal composition, especially the silicon content, but is of the 
of magnitude of multiplying the initial rate by 1.23 
conclude that : 
Mqual increments in temperature multiply graphitizing 
vy equal amounts. 
ne fact that the thermal coefficient of the graphitizing reac 
resembles somewhat the Ishiwara coefficient is to that extent 
rroboration of the faet that graphitization rates are determined by 
igration rates. The difference in the coefficients may point to 
ference in mechanism of migration in the stable and metastable 


resulting in greater niobility in the former. 
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TRIPE tn aan 


It has been concluded by Gladhill (11) on the basis o 
tion by C. H. Berry, that, if IT be the time to attain equi 
temperature T, and m and b are constants, then 





T In log H { b 


From Gladhill’s graphs and context, and since t¢! 










equation requires an increase in annealing time as the tey 
rises, it is thought that this is an error, and that, it wa 
to say that 

x b —m log H 





some slip having occurred in translation from English to F pene) 
and back again. Admitting the validity of this correction, and of o 
conclusion (1), Gladhill’s data show that the logarithm of 4) 
graphitizing rate is proportional to the temperature which js 







mathematical wording of our econelusion (V). This agreemen 












in conclusions between Gladhill’s measurements and conclusion 
and the results of experiments based on our theory is believed 
to constitute strong proof of the aeeuracy of both investivatio 
and of our reasoning. 

A little work has been done to determine the temperatur 
coefficient of the graphitizing reaction at temperatures below A 
The limitations of experiments in this region are the slowness « 
the reaction and the comparative unimportance of the field in 
dustrially. It was, however, shown that the temperature coefficient 
of the reaction between 1360 and 1290 degrees Fahr. (740 and 


700 degrees Cent.) was apparently negligible. Certain rather in 











teresting studies are made possible by our knowledge of the effect 
of temperature on graphitizing rate. 





ReEAcTION VeELocITy ABOVE AND BeLow A, 





Krom conclusion IV we may extrapolate downward from data 
obtained at higher temperatures, and obtain the reaction velocit) 
in gamma iron solutions at A,. From data obtained below 4 
we may extrapolate upward and determine the reaction velocil) 
in alpha iron solutions at A,. As indicated just previously, 

may actually apply without correction practically any result ob 
tained above 1290 degrees Fahr. (700 degrees Cent.). In a specific 
case, the value of a in formula (2) at A,, 1290 degrees Fahr. (76 
degrees Cent.), by extrapolation from data at 900 degrees Cent. and 
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ees Cent. is 0.0001085, as against a value observed at 
rees Cent. of 0.0O0006749, Lavine in mind the uncertainties 
derivation, we can only say that the reaction velocity is 
he same order of magnitude on both sides of A,. Inasmuch as 
-have no knowledge of the gradient in solubility of C between 
nha iron saturated in the presence of cementite and of graphite, 
k an essential step in a strictly mathematical analysis of 
O'Y+  Berror or Smucon on Reacrion Rare 
s well known that silicon inereases the annealing rate. 
for example(11) gives data which are a qualitative proof 
fact. It is not the writer’s intention to suggest in what 
vs, that silicon alone determines reaction velocity. This is 
i from the truth. The discussion of the effect of silicon is 
pplicable only to the conditions in which all other independent 
ariables are rendered inoperative. Under such conditions, i. e:, 
metal varying chemically only in silicon content, made under 
same conditions, from similar melting stock, poured into speci 
nens of constant size, all of which froze at the same rate, the 
ollowing conelusions were reached: 
On a series of such specimens, ranging from 0.5 to 1.5 per cent 
n silicon, a®/* was computed from graphitization experiments car 
ed on at 900 degrees Cent. and at 780 degrees Cent. The re 
its agreed, within the limits of error of the experiment, with 
curve of the form 
b’ Si, 
a and b are constants, and Si is the silicon concentration. 
We conelude, therefore, that: 
Vl. Kqual increments of silicon multiply the graphitizing 


l 
i 


rates by equal amounts. 

The writer has elsewhere (7) expressed the view that the 
solubility of earbon in the stable and metastable system may be 
dentical in the pure iron-carbon alloys. If this be the ease, 
vraphitization may not proceed at all in the absence of silicon. 
Ihis conclusion is not in agreement with the preceding conclusion 
Vl), for a finite reaction velocity at silicon equal to 0.50 per cent 
‘dinot be redueed to zero for a reduction of silicon to zero, so 


long as a finite increment of silicon multiplies reaction velocity 


y a finite amount. An infinite factor would produce an infinitels 


reaction with any finite amount of silicon. 
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It is quite possible that a still more careful st) 
reconcile the discrepancy. The difference in solubility 
in the stable and metastable systems has been shown 
to increase with the silicon content up to about 4 per cent sj) 


This involves an increase of steepness in carbon gradiey| 


Witt 
increasing silicon, and, hence, at constant diffusivity would oe 
duce a linear increase in migratory rate with silicon at any oy 
stant temperature. If the presence of silicon also, per multi 
plies the diffusivity, then the resultant of the two effects woyl 


=m 
would approach a linear function of silicon and at high concentys 


tion an exponential function of that element. Such a curve plotted 
as log a*/* against silicon would pass through the origin, be convex 
toward:the log a?/* axis, and finally approach an inclined strajch; 
line resembling that obtained from the first assumption excep 
that it would not pass through the origin if prolonged. That silicon 
promotes carbon migration is contradicted by the data of Tay 
mann (13): It is quite possible that VI is a first approximation of 
the facts which neglects the regions low in silicon. 

It cannot, as yet, be said whether conclusion (VI) requires 
modification for low silicon eontents, or whether the former sue 
gestion is invalid. 


be a curve in which at low silicon concentration, migratory | 


A long continued experiment is in progress to determin 
whether an alloy low in silicon (about 0.02 per cent) can be 
eaused to graphitize at a temperature of 1650 degrees Fahr. (00 
degrees Cent.) maintained for many months. Only thus will tl 
point to be cleared up.* 


EFFrEcT OF SILICON ON THE THERMAL COEFFICIENT OF TH! 
GRAPHITIZING REACTION 


As an incident of many experiments made to determin 
graphitizing rate, it has been observed that a given increment 
of temperature affects the graphitizing rate of low silicon iron 
more than that of high silicon iron. This is certainly true qual! 
tatively; whether the relation is also true quantitatively 1s no! 


*Note:—Since the preceeding was written the results of this experime 
show that such graphitization does not oceur measurably in 2075 hours.—Thi 
considerations advanced by the present author in discussing Dr. Hayes’ (10 
paper on ‘‘The Carbon Content of Pearlite in Iron-Carbon Alloys Containing 
One Per Cent Silicon’’ indicate that there should be a discontinuity in th 
quantitative effect of silicon at that concentration near 2 per cent, where \ 
passes below A,. 
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«y certain, for it is somewhat doubtful to what extent unsuspected 
variables may enter in a collection of such data as form the basis 
for our conclusion. Most of our data would agree fairly well 
vith the ratio, a relation such that the logarithm of the reaction 
velocities at 900 and 780 degrees Cent. decreased as a linear fune 
tion of the silicon content. We conclude that: 

VII. The presence of silicon decreases the thermal coefficient 
of the reaction velocity in an, as yet undetermined, degree; the 
relation may approximate that the logarithm of the thermal coeffi 
jent is a linear function of the silicon concentration. This quan- 
titative relation follows mathematically from V and VI, and any 
departure therefrom would require a further study of the cause 
of such variations to determine whether a modification of VI is 
requisite 

The subject is mentioned here mainly for comparison with the 
onclusions of Dhar(12) that the presence of a positive catalyst 
decreases the thermal coefficient of the reaction velocity. So far, 
the writer is not aware of any publication which explains the 
mechanism of the effect of silicon in promoting graphitization. 
The mere statement that silicon decreases the solubility of carbon 
is begging the question, for it merely asserts a truth, but does 
not explain it. It is not the intention here to defend the thesis 
that silicon aets merely catalytically, but merely to point out a 
relation not inconsistent with that belief. Personally, the writer 
believes a more definite explanation possible, and even probable. 


FuTURE DEVELOPMENTS 


A survey of all the known elements from a literary or ex- 
perimental view point has recently been completed in this labora- 
tory to determine which elements help and which hinder the 
vraphitizing reaction. There are both scientific and commercial 
reasons for not enlarging upon the results of that research in the 
present connection. We have, however, a legitimate hope that 
these data, when studied in the light of the knowledge the present 
research has given regarding the theory of graphitization, will 
permit of further verification of our present conclusions, and will 
also shed further light on the fundamental mechanism of the 


vraphitizing reaction. ; 
CONCLUSIONS 


(he researches herein discussed have led to seven major 
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conclusions which have already been given in their pro, 
They may well be repeated here. 

l. All graphitization curves are alike when plott 
dinates representing graphite formation as a percents 
possible total and time, using as a unit that required fo. 
pletion of half (or any other constant fraction) o| 
reaction. 

Il. Graphitization proceeds by an increase in size yy 
of number of carbon nodules. 

III. Graphitizing rate is determined by the rate o| tie 
of carbon, in some form, through solid solution or throveh fepyi, 
[V. Kither the form in which the earbon migrates is alws 
the same, or carbon in all its forms migrates in iron at 
rate. 

V. Equal increments in temperature multiply graphitiyi 
rates by equal amounts. 

VI. Equal increments of silicon multiply the graphitizin 
‘ates by equal amounts. 

VII. The presence of silicon decreases the thermal coeflicien 
of the reaction velocity in an, as yet, undetermined deeree: {| 
relation may approximate that the logarithms of the thermal 
efficient is a linear function of the silicon concentration 


Krom these facts we construct an image of what occurs in 


process of graphitization, particularly above <A,, althouch 
reader will be able to make suitable inferences as to the proce 
below A,. 

The hard iron on heating to the graphitizing temperature | 
comes a heterogeneous aggregate of austenite and cementite. The 
then appear by an unknown mechanism in the austenite nuclei fo’ 
the erystallization of carbon. The solid solution adjacent to thes 


nuclei deposits carbon and becomes boydenite(6). It is thus lov 
in carbon than austenite, and carbon migrates toward it from thi 
austenitic areas which recoup their carbon content by dissolv' 

cementite. 

Inasmuch as all the austenite interspersed with cementite 
thereby maintained saturated as to carbon, no gradients exist 10 
any carbon migration in these regions. In the region, however 
adjacent to nuclei, cementite has been destroyed, and there exists 
amass of solid solution, boydenitie at the center, austenitic il 
the surface through which. earbon migrates, toward the cente! 
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OO.) 


leposited on to the nucleus as rapidly as it arrives. The 
omentite-free zone thus grows rather uniformly until that con 
ituent 1S all destroyed, and the carbon it contained is deposited 


is nodules. Thereafter the solid solution is of unequal earbon 


oncentration, and further carbon flows inward until the boydenite 


sneontration is established throughout. The reaction then ceases. 


lt is obvious that the rate of deposition of carbon from 


nite is neeessarily greater than the rate at which carbon 


rrates under the experimental conditions. It is quite obvious 


‘hat the rate at which carbon can migrate toward the nodules 


lepends on their distance apart and the diffusivity (conductivity ) 
fearbon in iron. We might, indeed, caleulate from known values 


vraphitizing rate and grain counts, an approximate numerical 


lammann has shown(138) that the diffusivity of earbon in 
is a rather complex process, apparently related to grain 
yidary. conditions in a poorly understood manner. Even the 
pparently simple corollary that graphitizing rate should be pri 


arily an expression of number of nucle does not seem to he 


eptable without considerable qualifications. 
\s a practical conclusion, the discovery of a simple and rela 
y easy means of measuring graphitizabilitv by caleulation 


mm the earbon precipitated in a given, relatively short time, is, 


erhaps, the most important feature of this paper. 
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The Appendix containing the mathematical derivations } 
Hathaway referred to in the text, together with the diseussio 


of the paper which took place following its presentation, will 


published in the July, 1926 issue of TRANSACTIONS, 





DISCUSSION—SOME CHARACTERISTICS OF QUENCHING 


(Continued from Page 8&2) 


CURVES 





hody of the report throws interesting light upon Mr. Archer's comments 







garding air cooling. 
It will be observed that the curve derived from data on relativel) 
the 


Si 


sections shows exceedingly good agreement with actual 







center cooling 





Degrees Centigrade 












} i 
a ~ 400 ~~ 600 
Minutes 


eurve of this large ingot thus confirming the authors’ views regarding the bet 
ter prospect of duplication of results when cooling in air than in cert 


liquids such as oils and water. 
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IRREGULAR CARBURIZATION OF IRON AND IRON 
ALLOYS THE CAUSE AND PREVENTION 


By W. J. MeRTEN 
Abstract 


The experiments on carburizing of steels, conducted 
by the author and a careful study made of the carburiz- 
ing process tn its various details, points decidedly to- 
ward a general omission, by practical metallurgists, of 
fundamentals, including the conditions of the materials, 
processes, and equipment for satisfactory results. 

It is the purpose of this paper to point out these 
conditions, setting forth the physico-chemical reactions 
within the carburizing container. It shows that the chem- 
istry of the steel plays only a minor role in the success 


; 


of the satisfactory production of a proper depth and 
uniformity of case, and that the physical structure of 
the steel and the mechanical arrangement of steel articles 
and carburizers for correct chemical reactions are the 
major factors. 


INTRODUCTION 


YTRUCTURAL irregularities of steel,—their influence upon and 
J behavior toward carburization,—have been given considerable 
attention and space in the metallurgical literature. Much theoriz- 
ing has been done until there has been compiled such a maze of e¢ir- 
cumstantial evidence for the conviction of the steel as the guilty 
party that anything short of positive proof to the contrary will 
not have a chance of a hearing. 

An investigation of the carburizing process in its various de- 
tails, as a possible offender, seems to have been entirely overlooked, 
or perhaps the process has not been fully understood by the investi- 
ators. The possible real progress along these lines has evidently 
uot been realized by these investigators. It is the writer’s purpose 
to bring out the facts as they have occurred in his experience to 


show that at least some of the so-called unsatisfactory steels have 


carburized perfectly upon being subjected to the cementation proc- 
ess, and to point out that much of the condemnation of the steel 


in question is due to the carburizing process rather than the steel 
involved. 


A paper presented before the Cleveland Convention of the Society, Sep- 
tember, 1925, The author, W. J. Merten, member A. 8. 8. T., is metallurgical 
ea With the Westinghouse Electric and Manufacturing Co., East Pitts 
urg! 
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The Bureau of Standards in its 1924 Progress Repos 
Investigation of the Character of the Steel Used on ¢h, 
Obtained in Carburizing’’ reported that their investiga 










lishes proof for abnormality of steel, as shown by its 1 
ward carburization. In our practice at the Westinehous, 
and Manufacturing Company, by eareful structural 

through thermal treatments and selective heatine and | 


Pele TC y 


methods, confirmation of this is entirely lacking. 







THe CARBURIZING PROCESS 







Before going into the subject of the cause of irregular), 
it will be of value to review the details of the ecarburizin 


proce 










as it is conducted today. 





Carburizing Materials—Their Characteristics and Their ¢ 


Hep) 


Activity 





All earburizers, whether solid, liquid. or gaseous. « 
| 


wTyany 


carbon as a base. The usual earbon base for solid carburivzer 











chareoal, petroleum coke, charred leather, ete. These are con 
pounded with alkaline carbonates, or cyanides, the so-called \ 
oizers. 

Sodium, barium, and calcium carbonates are the commo 
employed energizers. Pure sodium and barium carbonates, plu 
charcoal, require, however, a high temperature for calcining 0 
freeing of CO, from the carbonate... BaCO, at 2010 degrees Fal 
(1100 degrees Cent.) yields BaO + CO,, CaCO, at 1290 di 
grees Fahr. (700 degrees Cent.) yields CaO + CO, and Na,CO 
at 1830 degrees Fahr. (1000 degrees Cent.) yields Na,O CO 
Caleium earbonate (CaCO.) has the lowest heat of dissociation | 
the three mentioned. 

Magnesium carbonate (MgCO.,), although not used as com 
monly, has considerable advantage and even at as low a temper 











ture as 100 degrees Cent. will start to decompose and canno' 
therefore be entirely dehydrated. Its quantity of heat of ¢ 
sociation is 60,863 ealories at 1006 degrees Fahr. (540.8 degre 
Cent.) and 747 millimeters pressure yields all of its CO,, or 
composes entirely. Its chief advantage lies in the readiness wit! 








‘Landolt and Bornstein 
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is dissociated, partial dissociation starting at low temper 
Sodium and barium carbonates are more stable and when 

heated singly do not give up their CO, until a temperature of 1800 
jegrees Fahr. (1000 degrees Cent.) or more is reached, which tem 
perature is practically out of the range of temperature where car 
hurizing is conducted. A lowering of the heat of dissociation of 
odium and barium earbonates, so as to give up their CO, at car 
vizing heat is affeeted by mixing them with caleium or mag 
nesium carbonates. Even the mixing of the two stable salts seems 
1) bring a lowering of the calcining heat. The reactions necessary 
for cementation are the freeing of CO., or production of CO, from 
‘he energizers, and the inter-action of CO, with incandescent ear 


» forming CO as shown: in the equation 


co. + C oC"), 


| 


‘his CO formed interacts with iron to form iron earbide and CO 


follows: 


2 CO + 3 Fe Fe.C + CO.,. 


9 form carbon monoxide (CO) from carbon dioxide (CO,) in 
andescent carbon at a temperature not less than 1470 degrees 
ahr. (800 degrees Cent.) is necessary. Carbon dioxide (CO,) 
produced at a low temperature from MgCQO, can and does pro 
lice unfavorable atmospheric conditions within the container 
ind in presence of moisture may become intensely oxidizing or cor 
rosive in action, thereby retarding the carburizing process, since the 
reduction of the oxide must necessarily precede the cementation re 
action. Due to this facet MgCO, ordinarily is not used alone but 
s used mixed with a more refractory carbonate, such as barium 
irbonate (BaCO,). If, however, CO, as produced from MgCO 
it a low temperature is passed through a bed of charcoal, at red 
leat of approximately 900 degrees Cent. to form CO, and the 
(O formed is brought into contact with iron held at the ear 
hurizing heat, satisfactory and high grade carburizing can be 
complished. The dissociation heat of caleium carbonate is also 
too low and its use singly is unsuitable for similar reasons. 


The ideal energizer is a carbonate or a mixture of carbonates 
whieh - 


| Does not give up its CO. until the iron has attained the 
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earburizing temperature, or is in the gamma iron or fa 


SRR nr ocr pre nm me 


erystalline state. 


2. The residual product of the carbonate must 


with CO to form the earbide at the temperature of 
Iron carbonate (FeCO,) which dissociates at a low ten 
(below red heat) is for this reason unsatisfactory, ‘lh, 
chemically pure iron reacts more readily with CO in forn 
than the steel article in the container. The followine 
illustrates the chemist rv of the interaction of tron carbonat, 
carbon at incandescence : 


heCO, FeO + CO, and CO, + | 
FeO + CO Ke + CO 
3Fe + 3CO Fe, C + CO, 
> 
) 


The metal oxide residue of the energizer must | 


at the temperature of carburizing, or be highly refractory 


all 
chemically inert in the system under consideration, It may 
ever, reform the carbonate and make the process regenerative 
is for this reason, in addition to those stated above, that the al 
earth carbonates are the most satisfactory energizers. 

The presence of hydrogen or hydrocarbons as binde: 
of erystallization, have a decided accelerating effect upon th 
burizing process, and when present are the main factors to produ 
a hyper-eutectoid case. CHI, is the most noteworthy of the hydr 
carbons in this respect, and apparently a sufficient quantity of th 
vas is evolved around 1100 degrees ahr. to produce a carburizing 
utmosphere and «a carburizing reaction, providing the iron 
chemically active to form Fe,C. This, however, is not particular 
in keeping with our most recent investigation of the properties o 
alpha iron; alpha iron does not hold carbon or iron carbide (le.! 
in solid solution, and chemical reaction between alpha iron and C0 
at temperatures below 1400 degrees Fahr. (760 degrees Cent 
also rather questionable in an atmosphere existent in a carburizi 
box. 


The chemical reactions? involved are: 


’e,0, + CO 8 FeO + CO, 
3 FeO + 5CO Fe,€ + 4 CO, 


CH - 3 Fe reC + SH. 
‘ 


See Physical Chemistry of Metals, by Rudolph Schenk, Translated by R 
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i ide Coneentration on the Surface of a Low Carbon Steel Die Insert Atter the 

reatment The Steel was in a Highly Strained Condition Resulting from the 

Operation This Roughened Condition May Be Entirely Avoided by Normalizin, 
ind After Cold Pressing Enlarwed 5 time 
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PREPARATION OF THE IRON or StreeL Parts aAnp Prac 

DISTRIBUTION IN THE CONTAINERS CAUSES 01 
IRREGULARITIES 

Steel generally used for carburizing is a low earl 

hearth steel from 0.15-0.25 per cent carbon, although ele 


nace and Bessemer converter steel are at times used. Apri, lac 


arts for carburizing are generally made of hot-rolled ste) 
i t ‘ dre 


forgings, or hot-pressed parts. In special and infrequent cases 


Cust 
‘ al 


Fig. 2——Photomicrograph of Die Insert of Fig. 1 Showing Carbide Concentration. 100 \ 
rig. 3—-Same as Fig, 2. Showing Another Section of the Die Insert, 100 X 
steel parts are carburized. It is common practice to machine and 
then carburize the parts without even giving them an anneal after 
the hot working. <A hot bed anneal or slow cooling from th 
finishing heat is often considered sufficient preparation for |! 
subsequent cementation process. This is far from being the cor 
rect practice, as an experiment will show. <A die insert made 0! 
soft steel and sunk by hydraulically impressing the design and 
eontour, when earburized in the cold-pressed and highly) strained 
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in ondition gave a rough and coarsely grained surface concentra 
of carbide, as is shown in Fig. 1.) This is probably due to an 
e grain growth of the strained material and the breakine 
or refinement of the large grains at the carburizing heat 
' the chemieal reaction between iron and earbon monoxide re 
in a coagulation of iron carbide particles, whieh ordinarily 

uly take place at lower temperatures. Repeated tests of ear 
iiving directly after cold) pressing invariably gave the knurled 
surface appearance, visible to the naked eve, That excessive ore 
rowth is very likely, the explanation of the phenomenon was 
chown by carburizing test pieces of approximately the same dimen 
sions as the die inserts whieh had been subjected to prolonged 
heating at 2100 degrees Fahr. and were very slowly cooled and hed 
onsequently a coarse grain structure. The surfaces after earburi 
ne were rough and similar to those encountered on die insert 
Very long time heating in the carburizer obviously will alter these 
conditions. A very slow carburizer may also give different results 
This concentration of carbide and roughening of the surface is en 
lirely avoided and a deep, uniform case produced by normalizing 
the steel before cold pressing, again normalizing after cold) press 
ng and before carburizing, proving that the struetural conditions 
are an important factor in the production of a smooth and uniform 
cementation of finished machined parts. This is of particular im 
portance in carburizing gears and pinions to avoid a surface rough 
ening of the teeth, which results in flaking and spalling. VPitting 
of surfaces is due to this phenomenon and is generally attributed 
to other causes, Photomicrographs of the die insert of Fig. 1 are 
hown in Figs, 2 and 3. 


Neither is it considered necessary by some practical heat treat 





crs to have the steel parts entirely free from seale (Me,O,) and 


especially On drop forged parts, scaled parts or areas are some 


Limes considered an advantage, since it olfers protection against 


ne and carburizing of these areas. Ilowever considering the chemical re 
il afte wtions Of scale and carbon as given in the following equations, 
yn e,O, - CO 8 Fred + CO 

es 

for CO, ++ C=2 C0 

he cor KreO + CO le ( powder ) (() 

ade ol de (powder) + 2 CO Ke,C (powder) ('() 

yn anil The 


peed of reaction on the steel is reduced and the efficiency of 


rrame 
} 
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the carburizing process is lowered both as to time and ¢| 








ease, and causes the disturbances in the cementation ren 1, 
becomes evident that oxide scale Fe,O, is of a deleterious 
in a carburizing container and should be removed befor 
is subjected to this process. This same reasoning must }y 
to protective layers and coatings of cement for selective 


tion, most of them being of an oxide character, which j) 















disturbing elements into the earburizing container. Tho 





14° Copper frivet Vie" Copper Washers 





rig. 4 An Example of Selective Carburization of Steel Triax 
Phe Washers and Rivet are Copper 


chemically active at carburizing temperatures where inert cond 
tions of such protective coatings are essential. Even copper plat 
parts are not free from this objection on account of oxide inc! 
sions and contamination of the electro-deposit. Pure solid cop) 
bodies placed against or around parts to be left solt serves 
better positive means for such practice. Fig. 4. 

Carburizing after casting without heat treatment to brea! 


the east structure or the so-called structure of primary crysté 
lization, or dendritic structure, is objectionable from above mc 


tioned reasoning and, consequently, any test for carburizing 
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ast bars or any cast test bar ingot cannot be a criterion 
uality of that steel for cementation or carburizing." 

Packing of the parts into the container ordinarily involves 
oyerine the bottom with carburizing compound to a thickness 
probably 1 ineh, with spacings of approximately 1 ineh between 
he individual pieces, and filling carburizing compound between 

‘hem. Naturally, gas evolution and chemical reaction between gas 





Die Inserts Showing Spotted Surfaces Caused by Irregular Carburization 

id steel is not especially favored by surface contact of carbon with 
eeel, It is evident that the areas in contact with the energized 
particles of the carburizing material are also adjacent to a 
yorous chemical reaction occasioned by the dissociation of the CO 
rishing ingredient and may 


influence the cementation reaction 
cally 


It is even possible that temporarily oxidizing conditions 


it 


wil at such areas of contact with consequent formation of super 


] 


lil iron oxide subsequently broken up. Disturbances of this 
haracter naturally result in variations in depth of carburization 


| comparatively short time processes, 

Still more unfavorable conditions become prevalent when the 
Niizing material becomes pulverized and actually shrouds the 
| from contact with the gases. Consequently unsatisfactory 
progress of carburizing ensues. 


ible 


SS} et 


A still greater menace is the fus 


ush residue, consisting of a fusion of the small amount of 


l-Ehn test TRANSACTIONS of the American Society for Steel Treating, 1922, Vol 












































wh 

































































O16 


silicious 


luted with fireclay, 








ash and alkali 





Cast Iron Cover 





= 


et 

( SSS &%irrnnnnninnnbnnnbnnhhhh AA > y} 
Oe adits Gi cee 

YY 





Copper Casket 
Yo" Thick 


Tbh 


End View ~Section 


ig. 6—Sketches 


nitely, and will always be a tight seal and maintains a po 
pressure within the container, resulting in accelerated, dees 
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earbonates 


of the steel in the surface layers. 
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on which luting is not necessary. 
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of a Self-Sealing Carburizing ¢ 
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Kig. 6 shows a self-sealing boy 











a Silicate slag, which is the cause of pitting and surfs 
of the steel, resulting in decarburization and inter-grany 
After 
filling the container, as described above, to within 1, 


pret 
nel 
top, a fairly tight fitting cover is put on and the joint: 


Wr 


Se cli 0/7 


ontainer. 


The copper gasket last 


more concentrated carburization of the parts. 


PREVENTION OF 


IRREGULAR CEMENTATION BY 


PROPER GEN! 


incl 
bhai 


y* 


i 


AND MAINTENANCE OF Prysico-CHEMICAL REACTIONS WITII! 


THE CHAMBER AND DURING THE CARBURIZING PERIOD 


The quantity of CO gas present has a great influence uy). 


‘ 


reaction between CO and Fe. 


If the ratio of the CO to the Fe charge is large the rea 


pressure seems to be much greater than with a larger and 


closely packed charge where due to greater load of stee! 


amounts of gas are present. 


{ 


iT 






| 
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e by action of CO on Fe we form Ke Cas per equation 
3 Fe + 2CO Ke, C + CO, 


fen perature above 1290 degrees Kahr. (700 dewrees Cent thi 
( i} vo into solid solution with iron, 
Carbon monoxide (CQO) concentration or the ratio CO:CO, is 
rvourse the most important factor influencing the process, and i 
» is large satisfactory cementation will oecur 
if CO gas is not predominant and large amounts of CO, wa 


no in evidence oxidation of Fe.C will take place as follows 


Fe,C + 4CO 3kFeO + 5CO 


Musible ash concentration of energizing compounds and irreg 
ar packing will cause the above reaction resulting in soft spots 
w fo decarburization by CO,. 

\lso Na,CO,, which melts at 1517 deerees Kahr. (852 degwree 


and dissociates feebly at 1832 degrees Kahr, OOO cle 


‘ 
’ 
‘ 4 
ee 


“An SSS Le 


; Cent.), oxidizes iron at fusion heat of 852 degrees Cent. and 
ess of NawCQ, or its concentration is to be avoided An 
ther source of irregular carburization is the formation of loosely 
lhering Ke.C by interaction of carbon and iron oxide C od) 
high temperature is accomplished by the presence of iron seale 
Ly, Which decomposes to form FeO and Keo Again the source 
lhe may be a machined surface covered with an alkaline cut 
compound, and the above reaction and formation of Ke Coe 
irs. ‘The loose Fe,C so formed does not combine with iron or dif 
fuse through iron to form a solid solution, but crumbles on the 
irface and contamimates the carburizing compound and dilutes 
is strength. A perfeetly clean steel should be provided to obtain 
est results from earburizing. 
(CARBURIZING AND PREVENTION OF CONTACT WITH CARBURIZING 
COMPOUND AND ResipuaL Fusipie Asi 


rom what has been said above it becomes evident that a 


purely vas pressure contact carburizing is the desirable process for 


juality results. To obtain this in the old style carburizing boxes 
thout radically changing the old process, a series of sereen 
made which keep the solid carburizing compound from com 
contact with the parts and permit the suspension of these 


They may he made of copper If made of steel or ton 


(Chemistry of Metal ly i Schenh 
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they soon become saturated with carbide, causing then 
brittle and weak after a few applications at the earbu; 
peratures. A cylindrical type of such screen is shown 
Spacing and packing were no longer necessary and a sin 


of the carburizer around the screened part was the on 


Fig. 7—-Copper Ring Screens for Use in Carburizing Die Inserts 
Suspended Inside of the Screen Ring and are Thus Kept from Contact wit! 
Compound 


pected of the operator. The screening out of the fine and pulve! 


ized carburizing dust became unnecessary, which naturally result 


in a decided economy. The improvements in the uniformit) 
depth of case were at once manifest and a greater concentratiu! 
of carbide was procured. The surface of the parts treated (ci 
burized) was lustrous and bright where formerly discoloration We 
obtained. Low carbon steels and medium earbon steels all react 
the same manner and respond readily to the action of the CO ¢ 
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d be again stated that the materials must be in either the 
vormalized or annealed state before subjecting them to the process 
» order to obtain the above deseribed results. The abnormality 
or normality of the steel has not affected the results and satisfae- 
fory carburizing was entirely dependent upon: 

“(1 proper temperature and time 


) 


arrangement of parts within the container 


kind of carburizer 


SUMMARY OF RESULTS AND DISCUSSION 

The above described experiments and results establish the fact 
that consistently uniform carburizing can be achieved practically 
only by conducting the cementation process in a manner that per- 
mits the reaction between iron and carbon monoxide to take place 
under favorable or chemically correct conditions, which include 

1. Uniform grain structure of steel or iron, produced by heat 
treatment prior to earburizing. 

2. Clean surfaces, free from seale and grease and matter, 
chemically aetive below or at earburizing temperatures, which 
chemical reactivity results in deleterious dilution of the CO gas. 

3. Arrangement of articles so as to expose all parts of the 
surface uniformly to the carburizing gas (CO). 

}- A container so sealed that a positive pressure is main- 
tained therein during the period of carburizing. 

>. A uniform temperature above the upper critical tempera- 
ture which changes the iron to the gamma condition and produces 
a solid solution of carbide in gamma iron (austenite). 

6. For partial or selective cementation, the use of solid cop 
per protecting equipment in preference to any of the present meth- 
ods, including eopper plating. 

CONCLUSION 
In coneluding, it should be restated that the irregularities in 
carburizing results enumerated in this report were traced back to 
(in the omission of a necessary step or a short cut in conducting the 
— and Process as outlined, and steel made by the ordinary steel making 
iivation methods will respond satisfactorily to cementation. Reherting for 


Te Yeni refinement of case and core, reheating for quenching and also 


tion was (venching and tempering must be conducted as prescribed in the 
auth Ys } Wh ' 7 rp 6 
react if previous paper. 


. Salt Baths for the Prev 
. CC) cas s of the 


ention of Soft Spots in Ihiagh Carbon and Carbu- ized 
American Society for Steel Treating, Vol. VII, January, 1925, 
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Discussion of Mr. Merten’s Paper 








Written Discussion:—-By 8. C. Spalding, Syracuse, N. \ 








This paper brings a little further light on the interesting a: 


‘ a what obscure subject of normal and abnormal steel. Although 








time, I would not want to go so far as the author has and den 





or abnormal steel existed, | do believe that a great deal of pure 











trouble is unjustly laid to the steel, 





It is unfortunate that the author does not support his 








conclusions by more actual experimental data, 


The points made of having the parts to be carburized free f: 








ale and in a normalized or annealed condition are good on iy 








made that carburizing by gas alone without contact between t] 






































Mr. Merten’s paper is essentially a plea for greater care and 





ness in carburizing, for thorough methods based on scientific study | 


the prevailing more or less antiquated practice. This stand is indeed 








and well taken, In the brief but prominent mention of the sub 





ape 





normal and abnormal steel, however, the author has stepped on 
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as the author infers he can safely do. In the paper the importa 








paring the steel for successfu'! carburization by first putting it in 





structural condition is strongly stressed. Annealing prior to carburizing 





advocated, for castings, and hot-worked and cold-worked parts. Yet 





same time, the pronounced influence on both the depth and ‘struct 





consequence, 





As a matter of fact, experiments made at the Bureau of Standard 








of the steel has a far greater effect on the depth and structure o! 
than has the original state of the steel (cast, hot, or cold-worked 














original steel has a harmful effect on the depth and structure o! 


seems to be that these factors have little or no effeet, whatever. 














The accompanying photomicrographs of the earburized structul 


: compound is the most efficient may, I believe, be open to some qu 
further point made that the boxes be so sealed that a positive 
exists inside may have some bearing. Under ordinary conditions, how: 
ordinary luting which is not gas tight, the experience is that 

between pieces and compound is necessary, The use of a tray Ndi 

pieces to be carburized as deseribed in the paper unless a perfect 

i box were used, might not give good results. 

Written Discussion:—By Samuel Epstein, Bureau of Standards, Washi 


if ground, It is probably very true, as he states, that irregul 

if hardening and the ensuing soft spots are more largely du 

ft comings in the carburizing and hardening operations than to abnor 

: of the steel. The responsibility for the results obtained in car! 

oe ought rightly to rest largely, if not entirely, on the carburizer, and | 

nm not to be shifted hastily or lightly to the steel maker. Nevertl 
carburizer cannot afford to neglect the factor of abnormal steel alt 


case, known to be exerted by abnormality of the steel, is judged to b 


out this point, in preparation for this discussion, have shown that abnorn 


the answer to the allegation often heard that cold or hot working 
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Fig. 3—Carburized Layer of a 1%-Inch Round Bar of Normal Steel 
Carburized Layer of the Same Specimen when Cold-Rolled to ™%-Inch Flat 
both Samples Showed a Uniform and Normal Case. There was no Evidenc 
in the Structure of the Case Produced by the Cold Rolling. Annealing Pri 
ing had no Effect 
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Carburized Laver of 1x%-Inch Bar, Somewhat Abnormal. 75X. Fig. 6 
Laver of Same Bar After Being Cold-Rolled to 4 Inches Thick. 75X. Both 
iowed the Same Type of Case. The Degree of Abnormality Did Not Seem to be 
the Cold Rolling. Annealing Prior to Carburizing Produced no Change 
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types of steei and over 25 specimens, 










hot-rolled, and cold-rolled specimens, were chosen as representa 


All were carburized 





conditions. 











inch ingot 





























was concerned, 











igs. 1 and 2 are photomicrographs of the carburized layer 


as cast, and of the carburized laye: 


case was absolutely 


normal in both the cast and hot-rolled sample; there was nothi: 


guish between the two samples as far as the structure or unifo 


Migs. 3 and 4 are photomicrographs of the carburized laye: 


round stock of normal steel, and of the carburized layer of 








ag, co Ri 


cold working of 








formity or structure of the case. 





to carburizing produced 





the same bar carburized after cold rolling from 1.5-inch round to 
The case was absolutely uniform and normal in both sample 
the cold-rolled sample had no noticeable effect 


Annealing of the cold-rolled 


the appearance o1 


carburized layer. 














5 and 6 are photomicrographs of the carburized laye: 


inch somewhat abnormal bar, and the carburized layer of a 


same bar cold-rolled from ¥,-inch width to y-ineh width. 











sample persisting in the cold-worked sample. 
had no effect. 











The speaker considers that 
Standards 





others that 


case than normal steel, and also, there is evidence that abnorma! 











uniform in both samples, with the same degree of abnormality i 


established from 


abnormal steels 


prone to give soft spots on hardening than normal steel. 



































sufficient reason for the carburizer to keep himself informed 
ject of normal and abnormal steel, to use this information in his w 
of his calculations, as is advised 
Qn the other hand, it does not appear that the author has prove: 


enough that the original state of the steel (cast, hot, or 





going to the expense of annealing prior to carburizing. 











nave an injurious effect on the carburized layer, to justify th 
Theoretical 


not seem plausible that the original structural condition of the 


duced by working can have much effect on the uniformity 














as shown above, it 


carburized layer and the photomicrographs herewith shown, also 


there is no effect. Annealing of articles for carburizing may serv: 


would be of no 
formity or structure of the carburized layer. 











Written Discussion: 
Rand Co., Phillipsburg, N. . 








*, Shepherd, assistant metallurgist 


obtained to show the 


Equilibrium diagrams can 





carbon dioxide. 





monoxide, 











und his results are given 





Journal of the [ron and Steel Institute, page 439, 1919, has shown th 
Theoretically, the composit! 


mixed gases at any temperature can be aseertained by passing cart 


Annealing prior { 


cold WO! k ( 
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The equilibrium curve given shows that at a temperature of 
Cent., the composition of the mixed gases under equilibrium con 
be 61.5 per cent carbon dioxide and 38.5 per cent carbon monoxide, 
e experiment was performed to show that highly trained 

ill carburize as uniformly as unstrained material, and to the same 
Three pieces of l-inch square stock, 5S. A. KE. 1020 were placed sepa 
. testing machine and a load of 125,000 pounds placed on a half 
| bar, previously placed on top of the test piece, deforming it, as 
Mio, 2. Two of these bars marked A and B were in the hot-rolled 


o CLO: 


hig l equilibrium Curve Showing Rela ' 
Between Carbon, Carbon Monoxide and Carbon 
Dioxide ifter MeCanet 


received from the mill. The other marked bar ©, was ground to 
ale, ete. They were carburized for 18 hours after heated through 
degrees Fahr., and allowed to cool in the pots. Bars B and C were 
ited in lead to 1420 degrees Fahr., and cooled in brine, Hach bar wa 
ongitudinally along the center axis, normal to the depression formed by) 
lf inch bar. Half of each bar was polished for metallographic examina 
the other half broken as shown in Fig. 2. The depth of case as 
the fracture and microstructure was the same through the entire 
The highly strained material carburized to the same depth as the 
rained material, The hypereutectoid cementite was of the same concen 
in both strained and unstrained material, This is true for both, 
rburizing’’ and ‘‘after hardening’’ test pieces under examination 
croscope with low and high magnification, 
reference to the statements made as to seale on the seventh page 
erten’s paper, test bars B and C mentioned above, were earburized 
vithout seale, respectively. The depth of case obtained om each of 
pieces was the same. Attention is also directed to the thirteenth 
the second progress report of the Bureau of Standards on ‘‘ Investi 
the Influence of Character of the Steel used on the Results obtained 
izing.’’ Their micrographs 5 and 6 show, respectively, the strueture 
outside of the bar carburized without removing the rolling seale and 


of the same bar, as carburized. The depth of case obtained is 


the same. The writer does not mean to imply that he recommends 


ng without removing the scale. 
ece Of J-inch square 8, . Kk. 1020 steel was earburized afte 


otected, as shown in Fig. 3. The bar wi ground all ove 


- 
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end the face placed against the copper slab, Y-ineh thick by 
was ground on a surface grinder, the opposing face of the cop 


being ground in the same manner. The set screw was used to | 


Ho 







in very close contact with the steel. At the opposite end th 


a was \-inch from the steel. Half of the bottom face of 


given an electrolytic copper deposit of a thickness of 0.0003; 


bar was carburized at 1625 degrees Fahr., cooled in the pot, 







lead to 1420 degrees Fahr., and quenched in brine. The bar 
a center longitudinal axis, normal to the face protected by th 


Half of the bar was polished for metallographic examination 







half broken for fracture. Fig. 3 shows the depth of hardened eas 


“ange 


One half fractured along 
these lines ; 
Other half examined 

under nicrascope 


REIT NEON IR itll Kil GOR Se 


Se 
ae Sees 


ree ee se cece 


eS 





Petes! 


is Fig. 2--Sketch of Specimen: Tested 
i for the Purpose of Determining the 
’ Effect of Cold-Work I pon the Car 
burizing of 1-Inch Square Bar Stocl 
Specimen A—‘‘As Rolled’ and Car 
burized Specimen B-—‘'As Rolled,” 





















































of Carburized and Hardened. Specimen 

$4 CAs Rolled,” All Scale, ete., Re 

he moved with Grinding Wheel, Carbu 
; rized and Hardened. All Specimens 














had same Depth of Case in the 
Strained and Unstrained Sections. 









intervals along the bar. Under the microscope, there is found a slight 


in carbon content where the copper slab and the steel were in most int 





eontact. The carburizing gas penetrated around the set serew and 


= 








a few of the top threads. The metallographic examination corroborates 








examination of the fracture. The section protected by the electrolyt 





deposit was entirely free from any increase in carbon content. 





1 


The pressure of gas under constant volume, heated to 1650 degrees |! 





from atmospheric temperature increases to about 60 pounds absolute press 





or 4 atmospheres, according to a well known law (Gay Lussac’s) of phys 





Giolitti has shown that the depth of case increases greatly with increas 








i pressure of the carburizing gas. The carburizing box shown by Merten mis 
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of reproducing the same pressure or the results will be very un 


The luting of carburizing boxes is to prevent ingress of the 


flectro/ytc Coooer 


, / 
No nerease (? Carhon Convers 
yriace protected by 0003" 
deoosi# electrolytic cowoer 


Sketch Showing the Manner in which Experiments were Conducted by the 
the Purpose of Determining the Amount of Carburization Obtained when 


en 1-Inch Square is Carburized, Using a Copper Slab and Copper Plating as 


rather than to render the box gas tight. The constant evolution 


of gas also prevents entrance of alr, 


Oral Discussion 
. Gate: This is a most interesting paper. I might soy, however, 
r practice, and we have had very much practice in this line, has shown 
y that no changes in the state of normality can be effected whether 
is carburized in a basket or under gas pressure, It is true, that using 
temperatures we are able to change the grain 


size, but there are 


other indicators besides grain-size by which to judge the normality 


teel. We have the core, which, after proper annealing, will always have 
elinite appearance. We have the size of cementitic grains and their shape 
hypereutectoid zone. ‘These indicators cannot be changed by carburizing. 
r how we earburize, we will get the same thing. If we happen to 


at 1850 degrees Fahr., as it is our practice in certain cases, the grain 
penetration of carbon will be the same in both cases, i. e., normal 
normal steels, but the appearance of core and cementitic mesh will be 


Ne } anged, 


s necessary to mention that we are usually talking about abnormal 
belonging to the carburizing grade. I believe that 
broader conception of the facts connected with 


+ 


tive normality, which has to be extended 


we have to get 
normality, I would 


over the whole field of 








a 


ee ee eee 
























































ee 













































































EE Te 

















eT 


















































































































9S 








TRANSACTIONS OF THE 





i oe F 











Maybe it will sound strange to you, gentlemen, but it is a fa 


buying spring steels, or high carbon steels, we always have to 


to their normality. It is strange, but a steel having a high 
carbon may be very abnormal or normal, Those who have had son 
with high carbon tool steels, or straight carbon steels, most probal 
experience with the difficulty oft hardening them, The situatio; 
with, say, springs. Often we have perfectly sound steel in every 
when using a correct heat treatment fail to be able to refine th 
thermal treatment it will give the desired Brinell hardness | 
will reduee the grain size and eliminate crystalline fracture 

It was not exactly clear whether the changes in earburi 


were connected with the elimination of soft spots. In our pp 


base my remarks, at the present time, on the practice of on 
reller bearing plants, it was found that no matter how abnorn 
is the steel, if it contains a little chromium, no troubles will 
with the hardening. 


W. J. MERTEN: Gentlemen, there seems to be an 


harmony among the adherents of the abnormal steel hypoth 

is meant by abnormal steel. I seem to have one interpretation of 
mean by abnormal steel and Mr. Epstein from the Bureau of Star 
npother one, and perhaps to someone else in the audience it mea: 
different. Oxidized steels can be eliminated by proper raw mate) 
and should be classed as unsatisfactory for any purpose exce; 
There is certainly no need to subject materials to carburizing in ord 
lish their defects of such character, 

It has been stated that aluminum deoxidation of steel prod 
ity. It eertainly cannot be argued that we at our plants obt 
the steel mill more carefully made than that obtained by any othe: 
also wish to point out that the experiments deseribed are not 
periments- but plant experiences and practice extending ove! 
least 2 years, following the establishment of these facts by pr 
on a laboratory scale. I wish to state that 1 am using the heat 
partment as my laboratory, with very gratifying results, 


I would also emphasize that we at the W. EF. & M. Co. are not in 


of giving publicity to laboratory experiments bearing upon plant 


until such practice has thoroughly established itself and confirm: 
results, on a production seale. 
Regarding photomicrographs shown by Mr. Epstein of car! 


rolled and cold-worked steels, the few cases investigated do not estab 


that structural conditions prior to carburizing are essential for unit 


sults. The fact that the Bureau of Standards has found irregularit 


they have attributed to so-called abnormal steel, defeats his own 

| believe the answer can be found as I have stated in my pape! 
omission of a step’’ in the correet carburizing practice for uniforn 
sistent results. 


In order to answer the speaker who advocates an extension 





(Continued on Page 1004) 
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THE DUROMETER—AN INSTRUMENT FOR TESTING 
HARDNESS" 


By Dr. ALBERT SAUVEUR 
Abstract 


[has paper describes anew instrument used in deter 
yining the hardness of metals, The author has described 
he machine and the manner im which it functions 


S1[K apparatus called **Durometer” briefly deseribed in the 
following pages has been designed for testing the hardne 
metals and other hard substances, 

li consists of a casting A, supported on a wooden base B, 

pecimen to be tested ©, being held in place at an angle of 
(\ degrees by a serew D and adjustable disk 1. 

The plate F has a groove through which a portion of the 
irface of the specimen C is exposed, 

‘'o the iron base an upright G is attached. It has a groove 

its lower end, while at the upper end it carries a stage I, 
ris diaphragm J, and steel ball KK. The apparatus is supplied 
ith levelling serews L, and swinging rod and pointer M.A 
dass plate N rests on the board and upon this plate is placed a 

of graduated paper, covered with a sheet of carbon paper, O 

On opening the iris diaphragm, the steel ball falls upon the 
pecimen and rebounds through grooves in plate If and upright 
(, and upon the glass plate N, recording by a black dot on the 
vraduated paper O the exact position of its fall. It is then eaught 
in box P. 

It is obvious that the rebounding impulse communicated to 
the ball must inerease with the hardness of the sample, and that 
the readings automatically recorded on the seale may be taken as 
imeasure of the hardness of the samples, provided the precaution 
lo be deseribed have been observed, These readings will be 


lerred to as Durometer Numbers. 


rc 


lhe following requirements necessary to obtain satisfactory 


will be readily understood : 
Leveling. It is evident that the surface of sample ex 


the presentation of the paper at Cleveland in September 19°? thy natriument 


dified and the deseription has been revised according! 


iper presented before the Hardness Testing Symposium of the Cleve 
ention of the Society, September 1925, The author, Dr Alber! 
honorary member A, 8. 8S. T., is professor of 


metallurgy, tlarvard 
» Cambrid 


uve 
ed 


we 
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posed to the impact of the ball should be exactly 
of 45 degrees. It is therefore essential to level th; 
very accurately, by means of the levelling screws 
rod and pointer. 

9 


2. Steel Balls. In order to obtain comparative 
different steel balls are used, the latter should be 


weight and hardness. Their hardness may be tested 


Fig. 1—Photograph of the Durometer. A—casting; B-—wooden 
I)—~-screw; E—adjustable disk; F—plate; G—wupright; H—groove; | 
diaphragm; K—steel ball; L——leveling screws; M—-swinging rod and 
plate; O—carbon paper; P—-box; Q—pointer for locating position upon whic! 


them in the Durometer, on a piece of plate glass.  Thiose 
having identical rebound should be used. The 10-millimeter ba 
manufactured for the Brinell testing machines are remarka 
uniform, there being no difficulty in obtaining balls of substa 
ally the same weight and same hardness. 

3, Size of Samples. For small samples the rebound ol 
ball inereases with the thickness and mass of the sample 
samples not less than one inch in thickness and one inch in 





ose 


eter ba 


markad 


1 
{ 
sSULDSTan 
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his action becomes negligible. It is recommended, there 

that the samples tested in the Durometer be not less than one 
neh thick, and preferably also not less than one inch in width. 
When it is necessary to test thinner and lighter samples, the sample 


ay be backed by a steel plate not less than one inch thick, nor less 


‘han one inch in width. This tends to produce rebounds identical to 


‘hose of specimens more than one inch thick, especially if the back 
e has substantially the same hardness as the sample tested. 
Or the recording sheet on the glass plate may be shifted so as to 
eure identical readings, for different rebounds. <A graduated 
ie on the side of the table could indicate the proper position 
‘the recording sheet for thickness of samples less than one inch. 
rhis latter method appears to be the most satisfactory one. 

Of course, when it is desired to ascertain the relative hard 
ness of thin samples of uniform dimensions, this influence of 
thickness and mass need not be considered, it being sufficient td 
lrop the ball from a constant height. 

(, Surface Finish. Rough surfaces are likely to yield irreg- 

r results, it being difficult to check satisfactorily the readings. 
It is essential, therefore, that the surface of the sample to be 
subjected to impact should be smooth. Grinding with a fine em 
ery wheel or emery paper generally suffices. 

Releasing the Ball. The iris diaphragm should be opened 
rently and gradually, because too sudden a release of the ball 
vould result in its starting to fall from a slightly greater height 
its center of gravity lies five millimeters above the diaphragm ) 
vhich in turn would result in a slightly greater rebound and 
ligher Durometer reading. 

6. Locating the Fall. When the ball is permitted to fall near 
ic edge of the sample the rebound is generally less. This is the 


‘eason narrow specimens (less than one-half inch in width) gen 


erally give shorter rebounds than wider ones tested in the center. 


he samples, therefore, should be so held that the ball will not 


‘trike near the edge. The instrument is provided with a pointer 


, by which the exaet position upon which the ball will fall ean 


be located. 
Repeated Testing. When attempting to secure several 


Durometer readings from the testing of the same sample, the ball 


} 
Nh 


uld not be allowed to fall twice on the same spot, because the 


rot 
\ 


ow produces a slight cold working of the metal which is 












932 TRANSACTIONS OF THE A. 8S. S. T. 


therefore locally hardened, resulting in greater rebou, 
tested. 


The conditions necessary to obtain satisfactory 1 


+ 





be therefore briefly summarized as follows: (1) Careful Joye 


| EE Ca ign PE yee me Eee iy Map A atin PO 


of the apparatus; (2) use of balls of identical weight and | 
ness, if it is desired to compare results obtained wit! 


- pimmeanainias . eae 
| \@) @> 
0./0% Carbon Steel | | 


| 
} 
| 
| 
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190% Carbon Siee/ 
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. : DUROMETER HARONESS NUMBERS 





Fig. 2—Graph Showing the Durometer Hardness of TI! 
Different Carbon Steels. 













balls; (3) gradual opening of the iris diaphragm in releasi 
the ball; (4) use of specimens preferably not less than one inc! 


oper SE SEES ES cee 


thick and one inch wide; (5) the surface to be tested should 
smooth; (6) preventing the ball from striking near the edgy 
t the specimen; (7) preventing the ball from striking twice on th 
same spot. 

When these precautions are taken, there should be no diff 
culty in checking Durometer readings within two divisions of | 


thyrpy 


scale. The results obtained in measuring the hardness « 


kinds of steel, after various treatments, are shown in Fig. 
are tabulated below. Samples 1 inch in diameter and 1 inch t! 







Carbon R A N Q QD 
% 
0.10 51-51 44-44 47-47 62-62 4-94 
0.30 50-50 50-50-52 52-52-53 84-86 76-7 
0.80 67-68 68-69 71-72 80-83-83 79-7 


were used, the ball being dropped from maximum height 


(Continued on Page 1000) 








PROGRESSIVE CARBURIZATION IN ROTARY 
ELECTRIC FURNACES 


By H. EK. MArtTIN 


a { bst ract 


Development of heat control on oil burning Jur 
naces and the limitations of such equipment as encoun 
eyed at Dodge Brothers, Inc., is discussed in this paper, 
together with the reasons why electrical heat was selected 
‘ory additional carburizing and heat treating furnaces. 

A description and photograph of thre rotary car 
hurizing furnaces is followed by the cycle of operations, 
the heat control arrangement, and advantages noted afte) 
twenty-seven months’ operation on two of the furnaces. 

One year’s production and power consumption on 
lwo rotary carburizing furnaces is tabulated, showing the 
gross and net pounds produced per kilowatt hour. 


KAT treatment of steel at its inception at Dodge Brothers, 
Inc., required that expert and individual attention be given 
io oil burning furnaces and the material being treated. The 
ality of the work turned out was a function of the fireman 
burner tender) and foreman or expert, with more or less aid of 
the pyrometers. Gradual development work with the thermo- 
ouple and temperature indicator, leading to automatic recorders, 
rew more responsibility on these instruments. The practical 
nan or foreman of former days was partially replaced, so far as 
the heating eyele was concerned, by a technical man situated in 
remote control room with automatic temperature recorders, des 
wating by a system of lights on the furnaces, the progress of 
the heat and time to discharge. lleat treating costs were lowered, 
due to more uniformity, but the hazard of poor oil and the un- 
‘rained fireman still remained. 
Automatie burners were consequently developed to take care 
'! the undesirable human element. The amounts of air and oil 


‘lirough all burners were regulated by a solenoid automatic-valve 


Which was aetuated by the furnace recorder setting. Theoretic 


ily, this should result in 100 per cent of the steel being correctly 
treated. Actually, with technical and practical supervision 


and automatie heat control, rejections did occur from time to 
nee \ paper by H. E. Martin, member of the Society and assistant metallurgist, 
vdge Brothers, Ine., Detroit. 
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time and in the carburizing process irregular carbon 
occurred occasionally. 

The reasons for these irregularities and disadvyva; 
this system are as follows: 


1. Improper heat application to the sto 
furnace, that is, heat absorption by the stee! 
brick hearth and wall and direct flame in 
stances. 

2. The presence of foreign matter in t! 

such as tar, dirt, water, ete. 

3. High cost of maintenance, frequent rebuilding 
requiring additional furnaces to take care of producto 
requirements. 

4. Question of oil supply and cost in the fut 

». Floor space—too much floor space required 
automobile produced. 

To take care of these difficulties, all available methods 
heat production were investigated, including city gas, produc 
gas, oil, and electricity. For the following reasons eleetrical hea! 
was chosen to attain highest quality work in face of high 
duction at minimum cost: 


1. Absolute.control of heat input and direct a) 
plieation of this heat to the steel. Rejections o 
quenched and drawn forgings reduced to a mininun 
and the carburizing process reduced to an absolute tim 
eyele with no intermediate sampling. It might be ad 
ded that rejections result in a break in the conti 
of the production flow of parts which in turn interferes 
with production schedules and resultant loss of time 0 
later machining operations. 

2. Flexible heat control—In pusher, conveyor, ©! 
rotary hearth furnaces, the charging end may be car 
ried at a considerably higher temperature than the « 
sired temperature, thereby, insuring more rapid hea! 
ing. In some eases, three separate electric circuits 
used resulting in three heating zones. 

3. Low maintenance—Dodge Brothers’ experienc 
over a period of more than two years shows the mai 
tenance costs to be lower, due primarily to lack of ex 
cessive temperatures and oxidizing conditions, such 








CARBURIZING ELECTRICALL) 


exist in the combustion chamber of the oil-fired furnace. 
Contrary to expectation, the 80-20 heating elements are 
not adversely affected by the reducing atmosphere of 
the electric furnace. 

4. Working conditions improved; lack of smoke: 
better insulated furnaces providing more desirable work 
ing condition for the men. 

5. Cost and maintenance incidental 
of fuel oil not present. 

b. 


to handling 


Better assurance of future supply and present 
source of fuel. 


7. Low heat loss due to thick 


insulation and lack 
of flues. 


8. Decreased labor cost. 
GY A eombination of the foregoing 


or increased 
production per furnace. 


INSTALLATION 


The electric carburizing furnace installation consists of three 


tary furnaces having the following dimensions: 


Outside diameter feet 344 inches 
Height above floor level feet 2 inches 
Distance below floor lever feet S inches 
(utside diameter of the rotating table feet S inches 


Inside diameter of the rotating table feet 
\rea of table le pidctn ik a “70.8 square feet 
‘Total loaded weight of rotating tables 60-70 tons 


The rotating table is supported by ninety-one 1'% inch steel 


hardened gear race, also supplemented by eight 
dead eves and rollers riding on a circular 


hulls riding in a 


track. The table is 
up through the center of the fur 
hace on top of which is mounted a 6-foot cast gear. 


riven by a shaft projecting 


This table 
s driven by a 1l-horse power 220-volt motor operating through 


i speed transformer which gives a predetermined table speed of 
1014-1314 


and 1514; hours per revolution respectively in the three 
The table is equipped with 27 
equally spaced, 26 of which are active. These alloy bucks support 
‘perienct the work 7 inehes above the hearth, thereby, facilitating loading 


hurnaces, alloy bucks or saddles 


he mai ind unloading of the boxes by means of the elevating trucks and 


illowing the heat to strike the under side of the boxes. 
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The eyele of operation is as follows: The total ea) 


ae 


time eyele is divided by the 26 active piers which give 
eycle for charging and discharging one pier of carburi 


After removal of a carburized charge, the furnace 
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by pressing the motor control button, starts the rotatio of 4 


table which moves forward until the 27th or empty buck automa 
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Fig. 1—-Battery of Three Resistor Type Rotary Electrie Furnaces | 
Automobile Parts 


ically stops and indexes into position in front of the charging 
door. Five boxes are loaded by an elevating truck and this charg 
remains in the same position until the next eyele of operations 
A baffle wall between the discharge and charging doors insult 
the ingoing boxes from the boxes ready to be removed. ‘The load 
ing of the furnace is accomplished by raising from the load 
platform 5 carburizing boxes 16x1114x8%4 inches on the eleval 
arms of an electric truck. The truck moves into position in 

of the door, the arms are raised to the proper level, the do 
opened by compressed air cylinder, and the truck moves for 
the arms straddling the pier or buck. The arms are lo 
depositing the boxes on the buck and the truck backs awa 

the furnace. 





CARBURIZING ELECTRICALLY 


l furnace is powered with 500 kilowatts made up of five 

10) kilowatts, 2?0-volt, 3 phase circuits, arranged for 3 point con 
mol. Lhe setting on three recorders control these circuits through 
oir respective thermocouples, the recorders actuate relays which 

ontrol the input switehes. The first thermocouple, approximately 
1) feet from the loading door controlling two-l00) kilowatt cir 
wits, is set for 1725 degrees Kahr. The second, approximately 
-the travel is set at 1700 degrees Kahr. and controlling two 100 

kilowatt circuits, and the third, close to the discharging door, 
ontrolling one 100-kilowatt circuit and set for 1650 degrees Kahr. 
Qur experience has shown that the higher temperatures on the 
charging side hastens the heating time of the boxes without dan 
‘of overheating. Approximately 1'% hours are saved in the 


vele by this method. The heating elements suspended from both 


side walls are 80-20 nickel-chromium ribbon operating at a density 


of approximately 8 watts per square inch, give a maximum tem 
perature on the ribbon of approximately only 100 degrees Kahr 
igher than that registered on the thermocouple. 

‘Twenty-seven months experience with two of these rotary 


furnaces have brought out the following facts: 


l. They have produced the work which formerly 
required 20 oil-fired furnaces, with a 10x11 foot floor 
space necessary for each furnace. 

2. The labor cost is °* of the former installation 

4. The quality of work turned out approaches the 
ideal condition, 1. e@., uniform penetration of carbon 
which means practically no serap in subsequent oper 
ations, 

f. Continuous process, eliminating costly accumu 
lations of semi-finished parts. 

9 The production obtained and power consumed 
in one year from two of the furnaces follows: 

Total number of boxes in furnaces... | 168,730 
Gross weight of boxes and stocl 

pounds o 27,728,656 
Net weight of stock in pounds ...... 7,712,176 
Kilowatt hours consumed. . 5,681,200 


Giross pounds per kilowatt hours .. {06 


Net pounds per kilowatt hours ...... 2.09 
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THE CONSTITUTION OF STEEL AND CAST IRON 
PART I 





By F. T. Sisco 


Abstract 





The present paper, the first of the series, discuss: 
in an elementary way some of the fundamental concepts 
necessary to a complete understanding of the constit) 
tion and structural changes of the alloys of iron and 
carbon. Included in the fundamentals are simple crys 
fallization, saturation and equilibrium, crystallization 
of metals, orientation and cleavage, crystal structure, 
amorphous solids, allotropy, and the allotropy of tron. 
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— the physical metallurgist or metallographist the terms ste 
and cast iron refer to a series of alloys' of the element iro 
(chemical symbol, Fe) and the element carbon (chemical symbo 
(). In an elementary discussion of the constitution of steel and 
east iron it is necessary, for the present, at least, to neglect t! 
other common elements always present :—silicon, manganese, si 
phur and phosphorus—and the alloying metals intentionally ad 
1 ded :—nickel, chromium, vanadium and others. Consequently in 
this and the next few succeeding papers of this series we will co 
fine our discussion to the alloys of iron and carbon, postponing tli 
deseription of the oceurrence and influence of the other elements 
until the nature of the simple alloys is thoroughly understood 

To simplify discussion we will consider steel to be an alli 
containing 0.01 to 1.70 per cent carbon. In east iron the carbo 


In a strict sense the use of the word alloy to refer to the iron carbon se 
Alloy postulates two or more metals. Carbon is a non-metal hence its various struct 
binations with iron could not correctly be called alloys. In strict terminology t! 
compounds (not in the same sense as chemical compounds) would be justified. How 
usage of the term iron carbon alloys occurs in practically all standard texts on metallogra| 
and so will be retained in this series. 






The author of this article, F. T. Sisco, is metallurgist, with the Air >e! 
U. 8S. Army, MeCook Field, Dayton, Ohio. 






938 





CONSTITUTION OF STEEI 939 


ventage Will range between 1.70 and 6.67 per cent. The reason 
(his arbitrary division will be apparent later. 
In a discussion of such an involved nature as the constitution 
of steel and east iron we must necessarily proceed from the simple 
.the complex. Consequently the present article will take up the 
‘indamental concepts so essential to a clear understanding of the 
ron-earbon diagram and to the structural and physical changes 
yomulgated in the iron-carbon alloys by thermal treatment. The 
of these is erystallization. 
SIMPLE CRYSTALLIZATION 
‘we add a teaspoonful of sugar to a tumbler of water and 
tir, the sugar dissolves. After this operation, instead of having 
‘he liquid water and the small, white, solid particles of sugar we 
ave only one substance, a liquid which to all appearances is 
ater. The sugar has gone into solution. If we disregard the 
sweet taste we have no physical means of identifying the sugar 
issolved in the water, the liquid in the tumbler looks like water, 
t feels like water to the touch, a drop examined by the microscope 
fuils to reveal the presence of anything except a liquid that ap- 
parently is water. The sugar has now lost its identity as a white, 
rms ste rystalline solid. It is in solution, in molecular dispersion in the 
nent iro vater. In other words, the sugar has broken up into molecules 
| symbo which are so small and so uniformly distributed that they cannot 
| be identified by means (disregarding taste) of our senses. Yet 
ve know that the sugar is there because we can detect it by chem- 
al analysis or recover it, in part at least, by a process known 
is crystallization. 
lently } lf we let the tumbler of liquid stand for several weeks or 
will co i we heat it to the boiling point we evaporate the water. Soon 
ning ve reach a stage whereby small, white, solid particles of sugar 
elements appear on the bottom of the tumbler. If we let 


derstood 


the hot solution 
cool undisturbed, more of these white particles appear. If these 


an all particles of sugar are examined closely with a magnifying glass 


will be noted that they are more-or-less regular in shape and 


LON) 


These small particles which are bound by regular plane 
surfaces are known as crystals and the process by which they are 
lormed from solution is known as crystallization. 
SATURATION AND EQUILIBRIUM 


us again add a teaspoonful of sugar to a tumbler 
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water and stir until it is dissolved. The result 
sugar in water. If we add another teaspoonful of suea, 


IS a 










it too will dissolve. In other words, the water will hold 
one teaspoonful of sugar in solution, consequently we 
it is undersaturated. 

Let us continue to add sugar little by little, stirri; 
ously after each addition. Soon we reach a point where yo yoy, 


sugar will be dissolved. Any more sugar added will sink 4 


1) The 















bottom of the tumbler and remain there as white, solid particles 
of sugar. When we reach the point where no more suvar \; 
dissolve we say that the solution is saturated. Assuming the te) 
; perature (and pressure) to be constant there is a definite amoup 
; of sugar which will dissolve in a definite amount of water to fo 
a saturated solution. This quantity is always the same. No\ 
if X grams of sugar saturates Y grams of water, then with ¢o) 
stant temperature and pressure, X is in equilibrium with Y. Add 
(i ing water disturbs the equilibrium and results in an undersa 
' urated solution. Consequently more sugar must be added to 1 
i t store the equilibrium and again produce a saturated solution. 
4 ; Let us add sugar to the tumbler of cold water until no mor 
if will be dissolved. Then let us add one teaspoonful more. This 


teaspoonful will settle to the bottom of the tumbler. Now wi 
shall heat the water, stirring vigorously meanwhile. The sugar 
on the bottom slowly goes into solution and we again have 
clear liquid which has the appearance of water. From this experi 
ment it is clearly evident that the water will hold more sugar i 
solution when hot than when it is cold. 





Thus we see that for each degree rise in temperature it takes 
; a little more sugar to saturate the solution. Varying the tempe 









ature affects equilibrium conditions with respect to the amount 
of sugar which will dissolve in the water. 

If we now let the hot solution cool undisturbed, solid, whit 
particles of sugar begin to erystallize out and settle to the botton 
of the tumbler. When the solution reaches room temperature 
the added teaspoonful of sugar. is again on the bottom of th 
tumbler. 

This experiment shows that hot water will hold more sugar 
in solution than water at room temperature. If we think in terms 
of room temperature we say that when we have a solution whic! 


| 


contains more sugar than it will normally hold it is supersaturat 
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lemperature 1s most important in its influence on solubility. 
if a given solution of sugar in water is undersaturated at 180 
leorees Fahr. and exactly saturated at 100 degrees Fahr. it would 
e supersaturated at 70 degrees Kahr., if it were possible to retain 
‘he sugar in solution at this temperature. 

Under certain conditions it is possible to have a solution super 
aturated. Often with very slow, undisturbed cooling normal erys 
tallization will be retarded. The result is a supersaturated sol 
tion. As long as the solution is undisturbed it will remain 
supersaturated. We then have a condition of metastable equili 
brium. Metastable conditions are frequently encountered = in 
metals, especially in iron and steel. Im many cases (as we shall 

we later) a metastable condition in metals is the result of abnor 
nally rapid cooling. In liquids it is the result of abnormally slow 
ooling. 

In metastable equilibrium the atoms (or molecules) are held 

their position by their rigidity and lack of freedora of move 

ment. If this rigidity is released, even to a slight extent, there 

ution frequently is an immediate reversion to a condition of stable 
on equilibrium. 

In the case of a supersaturated solution, if the solution is 
stirred, or 1f a small erystal of the substance is dropped into the 
quid, rapid erystallization will take place until the disturbed 
equilibrium is restored and the exact degree of saturation for the 
existing temperature is reached. In the case of metals in meta 

stable equilibrium the application of heat will often cause partial 


ind sometimes complete reversion to a condition of stable equi 
librium. 


CRYSTALLIZATION OF METALS 


tempel 
ee The mechanism of erystallization of solids from a liquid solu 

tion has almost a direct counterpart in the erystallization of 

metals. Praetieally all metals erystallize in solidifying. In ad 
ition, reerystallization and erystal growth take place in some 
iietals after solidification is complete. We speak of a liquid solu 
tion being undersaturated, saturated or supersaturated. We will 
also speak of a solid solution of two metals or of a metal and non 
etal and will speak of saturation, and supersaturation as if 
applies to the solid state. We will also discuss equilibrium con 
ditions in metals, particularly iron and steel, while they are in 


+} 


ie solid state. When these problems are reached the justification 
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for the extensive discussion of liquid solutions in th, 
pages will be apparent. 

As we have already stated, practically all metals 
in solidifying. <A simple experiment illustrating this m: 
formed with bismuth. Melt some bismuth in a smal! rucible 
Let it cool until the freezing point is reached. When the conten) 
of the crucible are partially solid, pour the still molten metal fro) 
the center of the crucible. Beautiful rhombohedric crystals yj 
be seen growing inward from the walls of the crucible 

Iron erystallizes in solidifying. Were conditions such th 
erystallization would be uninterrupted it would be found tha; 
the iron particles formed almost perfect cubes. Osmond obtaine 
these perfect cubes by the reduction of ferrous chloride. Pra 
tically, these conditions are never wholly met as crystallizatio) 


De per 


starts at numerous centers and proceeds by deposition of soli 
particles of iron from the melt until arrested by contact 
another crystal mass. 


Wit! 


Fig. 1 shows Rosenhain’s classic illustration of the mechanisn 
of erystallization in metals. It shows how the solid metal deposits 
at various centers and proceeds in orderly arrangement along 
regular geometric planes. Fig. 1 shows erystallization in two 
dimensions. Actually these regular planes extend in three d 
mensions. 

It is unnecessary to dwell on the many proofs of the crystal 
lization of iron.* The small, shiny, crystalline particles evident 
in a fractured surface of low carbon steel are familiar to ever 
steel worker. Occasionally iron crystals of more-or-less perfec 
geometrical form are found. Fig. 2 shows such erystals.* These 
large crystals are caused by parallel growth of the gamma iro! 
octahedra and are found most frequently in the pipe cavity 0! 
large ingots where the gradual shrinkage of the molten metal has 
made possible this partial perfection in form. These octahedra 
belong to the cubie erystal family® and are in themselves stron 
evidence that iron forms cubic erystals on solidifying. 

Ordinarily the erystallization of iron is nearly always com 

*Sauveur, Metallography of Steel and Cast Iron, 1916, page 104. 

See Howe, Metallography of Steel and Cast Iron, 1916, page 269, et seq 


‘From the frontispiece of Howe, Metallography of Steel and Cast Iror Met ni 
Book Co., 1916. 


*The octahedron has the same axes, planes and center of symmetry as U A 
though their forms are different, both crystals are cubic. See Bragg, \-ra) 
Structure, Harcourt Brace & Co., 1924, page 79, et seq. 
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plete before perfection of form is attained. These Impe) 
tals are commonly spoken of as grains (Fig. 1). The a; 


and size of these crystalline grains when viewed on a fr 
tured surface is responsible for the steel mill terms. 





| 
; 
| 
a 
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Fig. 2—Crystals of Austenite. -Half Natural Size. 

grained, fine-grained, shiny, dull, fibrous, silky’’ and many others 

The appearance of the crystalline grains as viewed by tli 
microscope is shown in Fig. 3. This is a photomicrograph 0! 4 
very low carbon steel and shows the polyhedral® grains of almos' 
pure iron. The relative size of the grains as viewed by the micr 
scope may vary a good deal depending upon whether the plan 
of polishing intercepted the grains along their major axis or !! 
some other direction. It is possible, however, to gain a fairly av 


*Polyhedral from polyhedron, a closed geometrical solid bounded by pla! 
sarily four or more, 
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irate idea of grain size by the examination of a polished and 
etched specimen with the microscope. 


ORIENTATION AND CLEAVAGE 





Orientation is an arrangement of the principal crystal planes 
in the same general direction. All of the crystal units in a single 
vrain are similarly oriented, that is the direction of their principal 
planes is the same. Fig. 1 illustrates this property. Howe‘ has 
described orientation so well that his words will be quoted with- 
out change. 

» ethers ‘*The essence of the erystalline state is first that the mol- 
ecules group themselves into minute crystal units which 
may be likened to the bricks of a house or the tiles of a 
mosaic pavement; and second that these adjoining units 
lie parallel and in symmetry, or in short that they have 
identical direction or orientation, as soldiers are arranged 
in platoons, companies, and regiments. This identity of 
orientation, of internal geometrical arrangement, extends 
throughout each of the crystalline grains of which we 


t. page 259, 
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see the polygonal sections in our micrographs, 
urally changes at the boundary line of each erajy 
different orientation in each of the adjoining ery 
is to this geometrical arrangement that all the cha) 
istics of the crystalline state are due.’ 


acy 


Cleavage planes are planes of low strength occurring wit! 
the crystal unit. These planes have low resistance to shear. | 
ure practically always occurs by the slipping of the crystal wy 
along these planes of weakness. A proof of the weakness of ¢| 
cleavage planes is that failure of metals under stress nearly «| 
occurs through the crystalline grains and not alone the oray 
boundaries. 

If the cleavage planes of all of the grains were geometric: 
symmetrical the metal would be relatively weak. As each gpaj 
is differently orientated, however, it happens that the cleayag 
planes are not symmetrical hence although the cleavage plane 
the individual grain may not resist deformation strongly, the su 
total of all of the grains in the metallie section will resist deforn 
tion very well. From this it follows that a fine-grained structy 
will resist failure better than a coarse-grained one. We will ha 
an opportunity to look at this phase again when we discuss th) 
effect of heat treatment on grain size. 


CRYSTAL STRUCTURE 


The polyhedral grains evident in our photomicrographs | Fig 
3) are made up of crystal units similarly oriented in the sam 


grain but differently oriented in different grains. The atoms 


(or molecules)® making up the erystal structure are grouped a 
cording to definite, repeating, geometrical patterns. This patter 
is known as a space lattice, and consists of a series of points 

space so located that each point is situated similarly to ever 
other point.’° If we divide the space lattice into unit cells }) 


three sets of parallel planes, the planes of each set will be paralle! 


and equi-distant from each other, but the distance between ' 


planes need not be the same for all three sets. The planes 0! 


*This is clearly illustrated in some substances. If a large crystal of Calcite (Cal0 
struck a sharp blow with a hammer it will break or cleave into many fragment 
along the cleavage planes. Each small fragment will have the same symmetry as th 
piece. 


- &Metals are monatomic, that is the molecules contain only one atom each 
‘For detailed discussion and description of the space lattice see Report a 
mittee VI of Committee E 4 on Metallography, on X-ray Metallography. A. § { 
25, part 1, 1924 
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rent sets may form any angles with each other. The points 

re these planes intersect is the space lattice. 

\lost metals form crystals belonging to the cubie system. 
‘here are two modifications of this system:'' one is known as 
‘he body-centered cubie lattice; the other is the face-centered 
bie lattice. Fig. 4 shows the theoretical conception of the body 
entered cubie lattice. One atom is represented as being at each 

the eight corners of the cube and one atom at the exact center. 

> shows the face-centered cubic lattice. One atom is loeated 
+ each of the eight corners of the cube and one atom is in the 
xaet center of each of the six plane faces. It should be noted 


i-Body-Centered Cubic Lattice ‘ig. 5—Face-Centered Cubie Lattice 


hat Figs. 4 and 5 are only a geometrical representation of the 
ubie space lattice, the points represented by the black circles 
vhs ( Fig re the theoretical location of the atom centers. The atoms them 
the sam vlves are packed together. 
1e atoms In the body-centered cubic lattice each of the corner atoms 
ped a | in Fig. 4 is shared by seven other cubes or a total of eight cubes 
; patter io each atom. Hence the body-centered cubic lattice contains the 
points it equivalent of one whole corner atom and one whole center atom 
to evel or a total of two atoms. In the face-centered cube each of the six 
eells bi itloms represented in the center of the six plane faces is shared 
: parallel vy one other eube, or a total of two cubes to each face atom. 
ween {| Thus the face-centered ecubie lattice has the equivalent of one 
lanes of orner atom and three face atoms or a total of four atoms. 
lt is assumed that these erystal particles or atoms are held 
logether in this spacing by strongly attractive forces. That these 


lorces are exceedingly strong is evidenced by the reguiarity of 


lly there are three, but the third, the simple cube is not found in metal 
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form assumed by the metal when crystallizing from its 
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+t 
is also assumed that these strong, attractive forces prevent : 
disintegration or distortion of the regular arrangement of th 
atoms; in other words, prevent the distortion of the lattic Evi 
dence of any abnormality in the shape of spacing of the atoys 
or the space lattice is evidence of abnormality in the structure 9) 


the metal. Of course the converse is also true. 
Recrystallization in the solid state, as for example the al 
lotropic change from gamma iron (face-centered cubic) to alpha 
iron (body-centered cubic) involves a change in atom arrang 
ment. The energy necessary to respace the atoms, in overcominy 
these strong, attractive atomic forces is evidenced by an evolution 


or absorption of heat which may be measured accurately }y 


Hieays 


of the proper instruments. 


‘or many years the concept of the space lattice has heey 


merely a convenient hypothesis used to explain the orderliness 


and regularity of erystal structure. In the past few years evi 
dence obtained by X-ray diffraction methods has removed the pi 


ture of the space lattice from the realm of conjecture and placed 


it in that of certainty. It is now possible to measure the inter 
planer distances in the space lattice and thus fix with certainty 


the position of the atoms in the erystal unit. In addition it is 
possible to determine the weight and volume of the atom with a 


high degree of accuracy. 
By means of the X-ray it has been found that at ordinar 
temperatures iron crystallizes as a body-centered cube (lig. 4 


gamma iron, the high temperature allotropie modification (which 


will be discussed later) erystallizes as a face-centered cube (Fig. 5 


AmorPHOUS SoLips 


postulates an orderly arrangement of the atoms in the crystal 


unit and an orderly arrangement of the erystal units in the in 
dividual perfect erystal or in the imperfect crystalline grain 


Crystalline solids are characterized by a similar orientation ol 


planes in each individual grain and by the presence of cleavag 


or planes of weakness similarly orientated in the same grain, bul 


differently orientated in different grains. 


There is another state which is known as amorphous. In this 


state the atoms are not orderly, they are spaced haphazardly 








As has been discussed in detail above the crystalline state 
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there are no geometric planes. There is no orientation nor cleav 
we, Amorphous means having no crystalline form, All gases are 
amorphous, as are most liquids. Practically all molten metals 
ve amorphous. In the solid state the amorphous is much less 
frequent than the erystalline. There are, however, some well known 


ymorphous solids, one of the most familiar is glass. Even in the 


ase of glass, one of the best examples of amorphous solids, care 


ist be exercised in making glass and it must be cooled quickly 


iy prevent crystallization. From this it follows that in many cases 


the amorphous state the atoms (or molecules) are not in equi 
‘brium. We might say that in glass the atoms (or molecules) are 
» metastable equilibrium, That is, they are fixed in their hap 


hazard position by their atomie (or molecular) rigidity. If, how 
ever, the material could be treated—-by heat or in some other 
nanner-——so that a certain degree of freedom would be given to 


them, they would tend to establish a stable equilibrium, in thjs 


ise the erystalline state. 


An example of this return from the amorphous to the erys 


talline state, familiar to all steel chemists, is the erystallization 


‘ siliea combustion tubes. As received from the manufacturer 


these tubes are hard, white, vitreous, fused silica, a splendid ex 


mple of an amorphous solid. After continually heating these 


tubes, to about 1900 degrees Fahr. over a period of weeks or 
months, erystallization gradually takes place. A tube with a com 
pletely crystallized zone will fracture with a clean break if twisted 


r bent slightly in the hands. <A new tube will withstand a blow 
considerable force before breaking, and will shatter irregularly, 


ery much the same as glass. The difference in the appearance 


of the fracture of the amorphous and erystallized tube is readily 


ipparent, 

Amorphous solids are considered by many to be undereooled 
liquids of high viseosity. If a long glass rod of small diameter 
is supported by the ends, after a period of weeks it will sag ap 
preclably at the center, indicating that the solid has flowed to 
‘certain extent, much as though it were a liquid of high viscosity.'” 

lt has been found that iron in the amorphous state is formed 
in the interstices between the grains where there is too little 

ler certain conditions crystalline aggregates of ductile metals will fiow in a similar 
"he creeping of lead illustrates this. The great difference in the time factor leaves 


to the difference between the crystalline and the amorphous In addition it has 
| that it is only erystalline aggregates that flow; the individual crystal will not, 
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space for the atoms of the molten metal to assume 
spatial arrangement and take on the orientation of ei 
talline grain (Fig. 1). Undercooling may enter important) 
In general, amorphous metal is harder than the ery, 
due primarily to the fact that it has no cleavage or sli; 
consequently it resists deformation equally in all directions 
hardness of amorphous iron has been used to explain the streyo; 
obtained by cold work. What is thought to be amorphous 
is formed by cold work. This is evident to anyone expe 
in polishing specimens for microscopic examination. 


La Tes 


Unless suit 
able precautions are taken, a layer of amorphous metal 

over the specimen being polished. Examination of thie ish 
and unetched specimen will reveal a beautiful, smooth, polishe 
surface. When the specimen is etched this amorphous 

eaten away and the scratches underneath revealed. 


aVel 


ALLOTROPY 
In its broadest meaning allotropy may be defined as the 
oceurrence of an element in two or more different modifications 
For example, sulphur may exist in three allotropic forms; on 
amorphous modification, melting at 248 degrees Fahr. and ty 
crystalline modifications, the monoclinic melting at 247 degrees 
Fahr. and the rhombic melting at 238 degrees Fahr. The ty 
erystalline forms have very different melting points and _ belong 

to entirely different crystal families. 
Carbon is another familiar element that may exist in severa 
allotropic forms. It occurs in nature as the hard, crystalline 
diamond and the soft, flaky, crystalline graphite. In the amo 


phous form it occurs as coal, charcoal, coke, lamp black, anima! 
charcoal and many others. These three forms of the element ca 
bon although differing markedly in appearance, have many pro| 
erties in common. This is characteristic of all allotropic modifi 
eations of the same element. 


Many of the metals are known to exist in more than on 
form. The tin of commerce is a silvery white crystalline meta’ 
At low temperatures an allotropic change takes place in the met 
which gradually disintegrates into a gray crystalline powde! 
The allotropic change is accompanied by an increase in yoltime 
Dean'* gives the equilibrium temperature of the change as !* 


8Beilby was first to suggest the amorphous cement theory. See Howe Loc. Cit 
Theoretical Metallurgy, page 29. 
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jegrees Fahr. The two modifications differ in crystal form and 
appearance. 


[In the above examples the general definition of allotropy ap- 


plies without qualification. .The allotropie forms of sulphur, ecar- 
bon, or tin are readily recognized by their differences in appear 


anee, they are characterized by being either amorphous or crys- 
talline and if two allotropie forms are crystalline they differ 
videly in their erystal structure. 


THe ALLoTrRopPiIc FORMS OF [RON 


in general the allotropic modifications of such elements as 
sulphur, carbon and tin are clearly recognized. In the ease of 
ron which exists in two, possibly three or four allotropic erys- 
talline modifications, this is not always the case. 

If a sample of pure electrolytic iron is heated to a high tem- 
perature, say 2000 degrees Fahr., (1100 degrees Cent.) and al- 
lowed to cool slowly, changes will take place in the metal in cooling 
accompanied by an evolution of heat. 

If the furnace is allowed to cool slowly and uniformly and 
nd tw the temperature drop of the iron measured carefully by means 
of a very accurate thermocouple, an arrest will be noted when the 
temperature reaches 1650 degrees Fahr. (900 degrees Cent). lor 
a brief interval the temperature of the specimen will remain 
constant although the furnace is cooling at a uniform rate. After 
this arrest the temperature drop will be uniform until a temper- 
ature of approximately 1415 degrees Fahr. (768 degrees Cent.) 
is reached where another heat evolution will oceur and the tem 
perature of the piece will remain constant although the furnace 
is cooling uniformly. After this slight arrest the temperature 
drop will be eonstant until room temperature is reached. If 


degrees 
he tw 
helony 


sevet'a 
stalline 
» amol 
animal 
nt Cal 
y prop 


modifi ' ‘ ‘ : al 
ithe temperature is plotted against time a curve similar to that 


viven in Fig. 6 will be obtained. 
3 ee In addition to the evolution of heat at 1650 degrees Fahr. 
00 degrees Cent.) the metal which is normally contracting in 
phaa cooling suddenly expands. After this temperature is passed con- 
powdel ; . : ; ; ne 
fraction again oceurs. There is also a decided drop in electrical 
resistance at that temperature. The greatest change taking place 
is the reerystallization that occurs. 
At 1415 degrees Fahr. (768 degrees Cent.) there are small 
‘hanges in volume, and electrical conductivity. The most marked 


meta 


volume 


‘ 7 
» aS Db 
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change at this point is that the iron becomes magnetic 
1415 degrees Fahr. iron is magnetic; above the tempe: 
is almost completely non-magnetic. The evolution of 

other changes taking place at 1650 degrees Fahr. (900) 
Cent.) and 1415 degrees Fahr. (768 degrees Cent.) are 


Solidification Point 


| 
| 


4 








Time-Temperature Cooling Curve for Pure Iron 


by many metallurgists as prima facie evidence of an allotrop 
change. If this is the case we have three allotropic forms 0 
iron,’® gamma, stable above 1650 degrees Fahr. (900 degrees Cent. 
beta, stable between 1650 degrees Fahr. and 1415 degrees Kahr 
and alpha stable below 1415 degrees Fahr. (728 degrees Cent 

X-ray defraction methods have shown that gamma iro! 
stable above 1650 degrees Fahr. (900 degrees Cent.) crystallizes 
as a face-centered cube (Fig. 5). The reerystallization whic! 
occurs at this temperature in cooling, accompanied by an evolu 
tion of heat and volume expansion of the metal is the change fron 
a face-centered cubie crystal to a body-centered cube (Fig. 4 
At 1415 degrees Fahr. (768 degrees Cent.) there is no change 
erystal structure. 

If we define allotropy as a change in atomic spacing or as 
rearrangement in the atoms then there are only two allotrop 
That is, three allotropic crystalline forms. Amorphous iron is an_allotro 

fication. For the present this may be omitted from the discussion. Delta 
allotropic form, is discussed on the next page. Delta iron does not enter into < 


conception of the constitution of steel and cast iron hence it is customary to 
the alpha, beta and gamma forms. 
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forms of iron (see footnote), gamma iron stable above 1650 degrees 
Mahr. (900 degrees Cent.) and alpha iron stable below this tem 
perature. With our conception of allotropy based on erystal 
tructure beta iron does not exist. 

The argument as to whether or not beta iron exists has waxed 
hot in physical metallurgy for many years and has never been 
settled. The X-ray showed definitely that there was no change in 
atomie spacing at 1415 degrees Fahr. (768 degrees Cent.). The 
proponents of the beta iron theory have a strong argument in the 
almost complete gain or loss in magnetism which takes place when 
the metal is cooled or heated through this point. 

An acceptance of beta iron is not necessary to an understand 
ng of the structural changes taking place in steels. It only ap 
nears on the iron-carbon diagram for low earbon steels, and the 
yuestion of its presence is relatively unimportant even here. 


In addition to the two transformations occurring at 1415 


degrees Kahr. (768 degrees Cent.) and 1650 degrees Fahr. (900 
levrees Cent.), a transformation point has been found occurring 
n iron at 2550 degrees Fahr. (1400 degrees Cent.). The allotropic 
modification of iron stable above 2550 degrees Fahr. (1400 
degrees Cent.) is called delta iron. Westgren found that at this 
temperature iron ehanges from a face-centered (gamma) to a 
hody-centered (delta) cube, the same erystalline form as alpha 
lotropi iron. It is now generally accepted that an allotropie change takes 
rms of place at 2550 degrees Fahr. (1400 degrees Cent.) and that delta 
Cent iron exists, 
Kahr 
Cent 
la 1rol 
stallizes 
whicl 
evolu 
re tron 


lotropi 


tors’ Note:—The second installment of this series will discu 


transformation points 
determination, solid solutions and eutectic alloys. 





FACTS AND PRINCIPLES CONCERNING STEEL 
HEAT TREATMENT —Part VII 


By H. B. KNowLTon 


AND 


Abstract 


This article discusses several methods of produ 
a variation in the hardness, strength, toughness, 
other physical properties of different portions o} 
same piece of steel. Differential heating, differen 
quenching and differential drawing are described. Soni 
illustrations are given of the application of these met 
ods to practical problems. <A brief discussion 0; 
effect of the different methods on the gradation 
between the soft and the hard areas, is also given 


DIFFERENTIAL ITLARDENING 


N practical heat treating it is often desirable to prod 


tu 


different degrees of hardness, toughness, and other phiysic: 


properties in different parts of the same piece. Drills, reamers 
taps and other shank tools should have hard cutting edges 
tough shanks. Hammers and dies should have hard faces but 
is desirable for the other portions to be tough. Files have har 
teeth but soft tangs. Sometimes it is desired to perform som 
machining operation (other than grinding) in one portion, alt 
hardening. This obviously makes it necessary for that port 
to be soft. 

The first duty of the hardener in solving any problem 
heat treating is to study the tool or article to be hardened «1 
learn how it must function in service. He should determine 
degree of hardness, toughness, strength, ete.; which are desira)) 
in different portions. In this connection it is well to make 
difference between softness and toughness. Portions which : 
to be machined must necessarily be as soft as practicable. 
the other hand, toughness is often required when softness is no! 
necessary. 


1The first installment of this series of articles appeared in the March, 19 
TRANSACTIONS, the second installment appeared in the June, 1925, issue, the third 
appeared in the October, 1925, issue, the fourth installment appeared in the Jar 
issue, the fifth installment appeared in the April, 1926, issue, and the sixtl 
appeared in the May, 1926, issue. 

The author, H. B. Knowlton, member of the Milwaukee Chapter « 
Society, is instructor in metallurgy, Milwaukee Vocational School, M 
Wisconsin, 
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Similarly the heat treater should recognize the difference be 
;veen hardness and brittleness. While it may be true in the case 
nieces Which are hardened and tempered correctly, that the 
ones Whieh are the hardest are also the most brittle, it does not 
follow that brittleness is always due to excessive hardness or that 
vyeat hardness must be accompanied by excessive brittleness. The 
ce of deseribing a piece which fails due to brittleness, as 
eing ‘‘too hard’’ is misleading. A piece which is overheated 
prior to quenching for hardening will have a coarse grain and 
vill be brittle. While drawing or tempering may reduce the 
yrittleness, it will not refine the grain. No matter what the draw- 
temperature, a piece which is overheated in hardening will 
e more brittle than one which is hardened correctly and drawn to 
the same temperature. 

The production of a variation in the hardness, strength, and 
toughness, in different portions of the same piece may be accom- 
plished in several ways. These may be grouped into three gen- 
eral classes:—1l. differential heating; 2. differential quenching; 


differential drawing. 


DIFFERENTIAL HEATING 


In this method only the part to be hardened is heated above 
the critical point while the rest is not allowed to become hot 
enough to harden. Pieces thus heated may be quenched all over 
as only the portion which is heated above the eritical point will 
wcome hard. One end of a steel piece may easily be hardened 
v this method when melted lead or melted salt baths are em- 
ployed to do the heating. The portion which it is desired to harden 
s plunged into the melted bath and is held there until it reaches 
the temperature of the bath. By controlling the temperature 
of the melted bath with the aid of a pyrometer, it is a simple 
matter to avoid any danger of overheating. The bath is main- 
tained at the correct hardening temperature, and the piece is 
removed when it reaches the exact color of the bath. In pro- 
(duction work where large numbers of pieces of the same size 
and design are to be hardened, it is possible to operate this 
method entirely on a time-temperature basis. Once the time re- 


\ured to bring a tool of a given size to the hardening temper- 


itTnre 


has been determined, it is sufficient to heat other tools of 


‘le same size and design for a similar length of time, providing 
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of course that the quantity of melted lead or salt and th 
of operating the furnace remains the same in every cas 

The heating by this method is so rapid that there is ) 
for much heat to be conducted to the portion of the ste 
is above the surface of the melted bath. Unless the time of 
ing is extremely long, it is safe to assume that only the port, 
which is immersed in the melted bath will become hard. [If ¢), 
time of heating is too short there may be danger that not aj] o| 
the portion which is immersed will harden. At the surface 9 
the bath the heating is slower than it is farther down due to 
conduction of heat to the portion which is out in the air. 

An interesting application of the use of the rapid heating 
of lead pots in the production of differential hardening, has )ee 
reported in connection with the hardening of long staybolt taps 
These tools frequently must withstand more or less bending 
loads in service. Consequently it is desirable to produce the may 
imum toughness without sacrificing the hardness of the cutting 
edges. In order to accomplish this the taps were heated i) 
lead pot barely long enough to bring the outer layer to the hard 
ening temperature, but not long enough to allow the center | 


reach that temperature. Consequently after quenching, the taps 
showed a hardened layer at the surface and a soft core or cente: 
By accurate control of the time of heating any desired depth o! 
hardness could be produced. 


The method just described is a rather radical departure fro 
the usual practice of lead pot hardening. It is much more co 
mon to allow the temperature of the lead to penetrate to tli 
center of the piece being heated, regardless of whether the entir 
piece or only one end is immersed. For most work it is usuall) 
considered better to have the temperature uniform at the tin 
of quenching. 

While discussing the advantages of the rapid heating of lead 
pots, it may not be amiss to give a word of caution. From tli 
standpoint of warping, cracking and distortion, rapid heating 
far from desirable. This was discussed in more detail in a previous 
article. 

The heating of one portion of a piece of steel in an oven 
furnace is not so easy unless the furnace is especially designed 
for that purpose. When an oven furnace is employed for differ 
ential heating, it is necessary to place the steel in the door ‘ 
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‘hat the end to be hardened projects into the oven. The temper- 
ature of the portion of the oven near the door is rarely the same 
vs that of the center or the rear of the furnace. Unless the 
thermocouple used for measuring the temperature is placed near 
the steel being heated, it may be doubtful whether the steel has 
or has not reached the correct temperature. Furthermore heat- 
ng by this method is much slower than lead pot heating and there 
‘; more time for conduction of heat to portions of the steel which 
are not intended to be hard. 

Nevertheless this method has been used practically in pro- 
duction hardening of cold chisels. The furnace employed had a 
very low roof. The hearth was comparatively wide but not very 
deep. The hot end of the thermocouple was placed in the same 
vone as the ends of the chisels being heated. This zone was main- 
tained at the correct temperature for hardening chisels, so there 
vould be no danger of overheating. In this way only the ends 
of the chisels were heated, so no especial care in quenching was 
required. As the hearth was quite wide a number of chisels were 
n the process of heating at the same time. As fast as one chisel 
was removed and quenched, another was put in the furnace in 
its place. Thus the operation was kept up continuously. 

‘or years the blacksmiths have used simple forge fires for 
heating one end of a tool. The end to be hardened is placed in the 
venter of the fire, which is of course the hottest zone. The tem- 
perature is necessarily estimated by eye. While it is possible to 
do good hardening by this method, there is danger of overheating, 
particularly if the temperature of the fire is higher than the cor- 
rect hardening temperature. If the tool is thin near the cutting 
elge it is very easy to overheat the edge. 

More recently the acetylene torch has been used in local hard 
ening. This method produces very rapid heating, due to the very 
high temperature of the oxyacetylene flame, consequently it is 
possible to heat a small area to the hardening temperature before 
a great deal of heat is conducted to the rest of the tool. Again 
the temperature must be estimated entirely by eye, and as the 
temperature of the flame is very high and the heating very rapid, 


it Is easy to make the mistake of overheating, particularly of thin 


sections. The method involves all the dangers which accompany 
rapid local heating. 
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DIFFERENTIAL QUENCHING 


It is possible to produce a variation in the hardness, 


and toughness of different portions of the same tool, by 


the various portions at different speeds. This may be 

‘‘differential quenching.’’ When this method is employed 
the entire tool or only the part which is to be hardened, 

heated to the hardening temperature. Differential quenchi 
be accomplished in several ways. 


Partial Quenching 


The end of the tool which is to be hardened may be queue! 
in water while the remainder is allowed to cool in air until 
below the critical point on cooling, after which the whol 
may be quenched. (The critical point on cooling for ordina: 
plain carbon tool steel is a dull red heat. It is a good safe | 
to allow the part of the tool which is to be soft to cool until bla 
before quenching). This produces the maximum hardness 
the part quenched first while the remainder is given an air coole 


‘ 


structure, which for plain carbon steel is nearly as soft and toug! 
as annealed steel. It does not produce the maximum strength a 
stiffness in the part which is eooled in air. 

If, in the operation of this method, tools of considerable s 
are held by tongs while quenching, a great deal of the hardener’ 
time is consumed waiting for parts cooling in air to become blac 
However, in many cases, it is possible to design racks which \ 
hold the tools at the proper depth in the quenching tank 
is probably best for the hardener first to quench the part w! 
is to be hard until it is reasonably cold, following the usual ru! 
of keeping the piece moving during quenching so that it contin 
ually comes in contact with cold water. The tool may then 
stood in the rack while the unquenched portion is cooling down 

Bullens advises moving the tools up and down slightly dur 
ing partial quenching to avoid producing a line of demare 
tion between the hard and the soft zones. He attributes the [a 
ure of drills in service to the fact that they were held still during 
quenching. This will be discussed more fully later. 

Drawing or tempering is sometimes combined with the part! 
quenching method. For example, the blacksmith usually hardens 
a eold chisel by plunging the eutting edge of the chisel abou! 
one-half inch under the surface of the water. When the cut! 
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y cold, he removes the chisel from the quenching tank and 
‘ickly polishes the seale off the portion which was quenched. 
‘ye heat remaining in the shank conducts down toward the eut 


i 


‘ing edge thus producing the tempering action. During this op 


tion a band containing all the temper colors from straw to 
ie may be seen to move down the polished surface toward the 
itting edge. When the desired temper color reaches the cut 
vy edge, that end of the chisel is again quenched to prevent 
irther heating and tempering. If the shank of the tool is black 
he whole chisel may be quenched. The time of the drawing op- 
ration and the width of the band of temper colors depends on 
he amount of heat left in the shank. It is frequently true, how 
er, that only a very narrow zone at the cutting edge is given 
he desired temper color. The zone next above this is drawn to 
higher temperature and consequently is somewhat softer and 
wher. , 
While this method may give satisfactory results on cold chis 
sand similar tools which have a cutting edge at the end only, 
s not recommended for tools such as taps which have cutting 
ves over a considerable length of the tool. It would be difficult, 
not impossible, by this method to produce the same temper 
or on the entire cutting portion of a tap. 
In any event, color drawing cannot be recommended as an 
leal method of tempering. It requires too much of the hard 
ner’s attention and is open to too many errors. This was dis 


issed more Fully in a previous article. 
Qucnching one part in water and the remainder in oil 


\nother type of differential quenching consists in heating 

entire tool to the hardening temperature, followed by quench 
ig one end in water until nearly cold and then quenching the 
remainder in oil. This method may be applied to plain carbon 
steels and to other steels which acquire maximum hardness by 
water quenching, but only a moderate amount of hardness by 
oil quenching. Obviously, it is not applicable to steels which at 


‘aim maximum hardness on oil quenching or air cooling, as the 


portion quenehed in oil would not be any softer or tougher than 


that quenched in water. When hardening in this manner it is 
Necessary to withdraw the tool from the water and quench it in 
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oil while there is still enough heat in the upper part o| 
to produce some hardening action. 

This method is recommended for many shank too! 
drills, reamers, taps, ete. It has the advantage of harde 
cutting portion of the tool and at the same time produ 
strong, tough shank. When the tools are hardened in this qa, 
ner, the shanks will have a great torsional strength, that is. +), 
will resist more twisting forces, than would be possibl 
shanks were allowed to cool in air until black while the 


ny the 


Ihe 


L oth 


{ lilting 
portions were being quenched. At the same time, shanks whj« 


are quenched in oil are not as brittle as those quenched in wate; 
This method must necessarily be followed by tempering 

drawing to the proper temperature. This is usually accomplished 

by heating the entire tool in oil, in a bath of some low meltin 


salt, or in a special drawing furnace. If necessary, it is possibl 


to draw the shank further than the cutting edges by thrusting | 
shank into melted lead or some melted salt maintained at 
sired temperature. This will be discussed later. 


the 


Retarded Quenching 


It is also possible to produce differential quenching by retard 
ing or slowing down the quenching of the portion which requir 
less hardness or more toughness. This may be accomplished |) 
surrounding that portion with fire clay or similar material befor 
heating. Clay heats slower and cools slower than steel. Cons 
quently, a greater length of time is required to heat the entir 
tool to a uniform temperature. When the tool is quenched, 
portions which are not covered with clay cool fast and becon 
hard, while the portions beneath the clay cool much slower and 
consequently do not become so hard. Of course, the amount 0! 
the retardation of the cooling will depend upon the thickness o! 
the clay covering. If the clay is thick enough, the steel beneat! 
will come out quite soft after quenching. 

This method is particularly advantageous in the productio 
of soft areas in the central portions of the tools or other articles 
It is common practice to fill small holes with clay or some similal 
material before hardening. This prevents the sudden cooling in 
side the holes and thus avoids much of the danger of cracking 
For similar reasons screw threads and other sharp internal angles 
which do not need to be hard, are frequently filled with clay 
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The use of clay has a practical disadvantage in that clay 
fends to shrink and erack off during heating. This may be largely 
overcome by proper mixing of the clay. In the first place it pays 
+, use a good grade of fire clay. Secondly, it is well to avoid 
vaking the clay too wet. When applied the clay should be barely 
wet enough to stick together. Lastly, certain other materials 
vixed with the elay will aid in avoiding cracking. Some have 
found that asbestos fiber in the proper proportions will help hold 
the clay together. A mixture of clay and sand works very well 
in filling holes. When heated sand expands and clay shrinks. 
Water glass mixed with clay when heated forms a hard, firm coat 
nv. The objection to this mixture is the difficulty of removing 
ihe coating after quenching. While it may be removed quite 
easily from smooth external surfaces it is not always so easily re 
yoved from serew threads and holes. ‘There are a number of 
especially prepared mixtures on the market which are said to ad 
here during heating and quenching, but which may be easily re 
moved afterwards. It should be remarked that all of these mate 
‘ials may also be used to advantage in preventing carburizing 
( certain areas during case hardening. 

When the clay completely surrounds one portion of the ar 
ticle to be hardened, it is sometimes practicable to re-enforce the 
lay with a ring made of iron or steel pipe. This may be quickly 
applied and removed, and it prevents the clay from coming off. 

One objection to the use of clay is the time and labor re 
yuired in mixing and applying it. This is counterbalanced to some 
extent by the saving in labor in quenching as it is not necessary 
to hold the pieee in the tongs while waiting for the part beneath 
the clay to cool. If the quenching tank is provided with a sereen, 
it is possible to drop the piece on the screen as soon as the exposed 
portions are eold. 

Articles which are hardened by the method just deseribed 
should be drawn all over in oil or some suitable type of drawing 
lurnace, 

DIFFERENTIAL DRAWING 

A variation in the hardness, toughness and other properties 
of different portions of a steel article may also be produced by 
drawing the various portions to different temperatures. Such 


‘ilferential drawing or tempering may be accomplished in several 
Vays, 
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The method of drawing cold chisels by the heat |, 
shank after partial quenching, has already been deseri} 
same principle is sometimes used in the drawing of dril|s 
drivers, hammers, large die blocks, and other tools w! 
hardened by partial quenching. In every case the drawine 
perature is judged by the temper color produced.  \Vj)j| 
method has the advantage of drawing other portions furt}) 
the working edge or face, it is very much doubted if it ¢ay }, 
recommended as the best treatment for any of the tools mentioned 

Sometimes die blocks are completely cooled down in harde 
ing and are drawn by being placed with the back down on 4 ho 
plate. In this way the heat is applied to the back and condyes 
up through the block to the face. If the heating is fast enous 
it is possible to draw the back and the center of the block | 
higher temperatures than the face, thus producing the required 
hardness on the face and at the same time toughening the resi 
the block to a greater degree than could be accomplished by dray 
ing the entire block to a uniform temperature. This method may 
be applied to blocks that are either partially or totally quenched 
The tempering temperature is usually judged by the color of 
face. Sometimes hardness tests are made during tempering. |: 
any event, the block must be removed and cooled rapidly whe 
the proper color or hardness of the face is reached, to preven! 
further tempering. 


1 


A eruder scheme, which is the same in principle, consists 
placing the block after hardening in the door of the heating fw 
nace with the back toward the oven. This method is not so eas) 
to control. Its principal advantage lies in the fact that it requires 
no extra equipment for drawing. 

While speaking of the hardening and tempering of die blocks 
it should be stated that the methods just briefly described a 
applied to carbon tool steel blocks, rather than to the newer a! 
and oil hardening alloy steel blocks. 

Die blocks have been mentioned as one example of differenti 
drawing with the help of a hot plate. The same principles 1 
be applied to other tools. 

Milling cutters, hammers, and other tools containing hole 
which should be tough, are sometimes drawn by placing a lio! 
arbor in the hole. This draws the hole further than the rest © 
the tool. This may be logical from a theoretical consideratio 





i\\ 


Whil 


IT Can by 
mentioned 
In hardey 
n on a hy 
d conducts 
“si enous! 
ie block t 
le required 
the rest of 
d by dray 
iethod may 
quenched 
olor of 
ering. | 
idly whe 


tO prevent 


COTISISTS 
eating fw 
not so Pus) 


it requires 


die blocks 
seribed al’ 


> newer all 


ditferentia 


eiples has 


ining holes 
cing a hot 
the rest ol 


nsideration 


= 


STEEL AND HEAT TREATMENT 963 


at the method is open to many practical objections. It is doubt 


il if this method can be recommended. 


When one end of a tool is desired to be quite soft, it is some- 


‘mes advisable to harden the whole tool and draw that end by 


mmersing it in melted lead, salt petre or some other melted salt, 


naintained at a dull red heat. The rapid heating by immersion 


4» melted bath will soften the end without greatly affecting 


‘he rest of the piece. Softening or toughening of one portion 


1) a lesser degree may be accomplished in the same manner if 
‘he lead or salt pot is run at a lower temperature. Obviously 
‘his method is not practicable when it is desired to produce a 
soft portion in the middle of the tool. 

Blow torches and gas flames have sometimes been used in 
differential drawing. While in skillful hands this method may 
vield satisfactory results, it is doubtful if it can be recommended. 
lt may well be asked whether this method does not lead to crack 
ne and distortion. 


(IRADATION ZONE BETWEEN Sort AND HArp AREAS 


In producing a variation of physical properties in different 
portions of the same piece, it is best to avoid producing a 
ine of demarcation between the soft and the hard areas. It is 
preferable to have a zone in which the hardness increases grad- 
ially. It may be interesting in this connection to note the effect 
f some of the treatments described on the width of the gradation 
one between the soft and the hard areas. 

In order to illustrate these effects, four small pieces cut from 
i thin flat bar of plain carbon tool steel were treated in the fol- 
lowing manner: 


Bar No. - 


half way in water. The upper half of the bar was allowed to 


Heated all over to 1400 degrees Fahr. and quenched 


cool in air. The bar was not moved up and down during 
quenching. 

No. 2. One-half heated to 1400 degrees Fahr. by immersion 
in melted lead; quenched all over in water. 

No. 3. One-half covered with clay; heated in an oven fur- 
nace to 1400 degrees Fahr. and quenched all over in water. 
No. 4. Entire bar heated to 1400 degrees Fahr. and quenched 


all over in water. One-half drawn by immersion in melted 
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lead. The other half remained in the air and wa 
only by the heat conducted up the bar. 


After these treatments each bar was tested with a | is 


machine using the diamond cone penetrator. Readings were ¢4\, 
1 ” 


yy apart. The results are tabulated below. 
ROCKWELL HARDNESS READINGS 


se 


Diamond Cone Penetrator Intervals »s 
Bar 1] Bar 2 Bar 3 
Heated all over dleated half way, One half covered Heat 
Quenched half Quenched all over with clay. Heat juenched 
way. ed and quenched Drawn 
all over. mersing 
iti 
66 
67 
66 
56 
50 
49 
48 


readings in softer portion 
30 


Minimum 


CONCLUSIONS 


It will be noted that Bar No. 1 showed a drop in the hard 
ness reading of 22 points in 14 inch, Bar No. 2—27 points in 
inch, Bar No. 3—16 points in jy inch, Bar No, 4—10 points 1) 
% inch. This would indicate that the partial heating metho 
produces decidedly the most abrupt change in the hardness. This 
seems quite logical as the part of the bar which was heated t 
temperatures below the critical point should not harden at 4! 

The bar which was heated all over but quenched hall 
showed a more gradual change in hardness. This was probail) 
due to the fact that the part of the bar which was just above thi 
surface of the water during quenching was cooled fairly rapid! 
by conduction of the heat toward the end which was immerse 
This is confirmed by practical experience in partial quenchine 
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some hardening effect is usually noted above the water line. Con 


sequently when it is desired to produce one end quite soft, it is 
not advisable to quench quite up to the spot which should be soft 
it may be noted with interest that the piece protected with 


lay showed a fairly abrupt change. There was, however, some 


hardening effect apparent beneath the clay. The results produced 
n this particular bar might not always be duplicated when this 
method is employed. The thickness of the clay coating and the 
time of heating might have considerable influence upon the results 

Bar No. 4 which received the differential drawing treatment 
showed the most gradual change in hardness. 


This might natur 
he expected. 


SUMMARY 


\ variation in the physical properties of the same piece oi 
teel may be produced by differential heating, differential quepeh 
ng or differential tempering. Differential heating is easily ae 
omplished by bath heating. This method of heating 1s rapid 
ind the temperature can be accurately controlled. While it 1s 
isually more difficult to produce differential heating in an oven 
furnace, it can be accomplished if the furnace is properly de 
signed. The forge fire and the oxyacetylene flame involve the 
risk of personal errors. 

Differential quenching may be accomplished by (1) quench 
ing one part in water or oil and cooling the remainder in air; 
”) quenching one part in water and the remainder in oil; (3) 
retarding the cooling of one portion by 


clay or some similar 
‘oating. 


Differential tempering is produced by heating one portion 
higher than the rest during tempering. 


This gives the most grad 
ual change in the hardness. 


When the degree of tempering 1s 
judged by temper colors the method is open to errors. 

All of these methods may give good results if properly car 
ried out. It is the duty of the heat treater to study the articles 
to he hardened, learn how they are to function in service, and 


ietermine which method is the most suitable for producing the 
desired results. 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


THE HARDNESS OF CARBON STEELS AT HIGH TEMPERATUR 
By 1. G. Slater and T. H, Turner. British Iron and Steel Institute, \ 

The authors are of the opinion that if riveting takes place bet 
and 1200 degrees Cent. that steels of higher carbon content up to | 
toid composition will be harder to drive, 

A distinct advantage is to be gained by using higher temperat 
least so far as the energy required in shaping the rivet is concerned 
danger of burning can be eliminated. They state that a medium car! 
rivet will be as soft at 1100 degrees Cent. as a wrought iron rivet 
degrees Cent. 

So far as the practical value of these results is concerned, it 
portance that work, such as cutting off fins, done below 800 degre 
will in all cases require an expenditure of greater energy than would th 
operation carried out with the metal above this temperature, especi 
steels of higher carbon content. 

In the process of riveting by hammering a cooling rivet, the autho 
of the opinion that, with hammer blows of equal force, the first impact 
produce more of the desired shaping than will any one of the s1 
blows, and the number of rivets driven per hour will depend mor 
speed with which the first blow is struck than upon the total physical ene: 
expended. 


STUDY OF THE STRESSES IN SOFT [TRON BY THE METHOD 0! 
TEMPERING, By 8. P. Vologdine, Journal of Russian Metallurgical & 
1925, I, 67. 


Specimens of boiler iron plates were subjected to tension, comp: 
and torsion up to destruction; then they were cut to separate pieces and 
subjected to tempering at the temperatures of 650, 750 and 830 degres 
for 4, 8 and 12 hours. After this the average size of the grains in 
pieces was measured microscopically, and thus were found the portion 
the recrystallization after tempering was more sharply defined. As 
possible to ecaleulate beforehand for every such portion the stresses, to 
the metal was subjected under cold treating, there could be found 
nection between the degree of cold treating and the average size of grat 
tempering. It was found by the author that critical stresses of 74,000, 4 
and 36,500 pounds per square inch, under which the metal becam 
grained after tempering, corresponded to temperatures of 650, 750 a: 
degrees Cent. By subjecting specimens of iron boiler plates to recryst« 
by tempering at the given temperatures and by measuring the size o! 


afterward, the author obtains a figure as to the size and distribution ot 
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the metal was subjected at temperatures of drawing not sufticiently 
consequently about the degree of cold working of the different 
if the metal, 


twcted by M. O) no and G. N, Koulginski, Leningrad, Russia. 


FURNACK HAS UNDERFEED STOKER. By Burnham Finney. 
lye, April 22, 1926, page 1119, 
design of annealing ovens, temperature regulating equipment and 
eycle chart are installed and have proven successful in the new 
of the Berryhill Malleable Tron Company, Evansville, Ind. 
e underfeed stoker in the melting furnace is practically a new operation 
eable foundry practice. The stoker automatically feeds the furnac 
coul by means of rams operated by air cylinders which are actuated by 
tomatie valves. The writer describes the air furnaces and says they 


from the ordinary hand-fired furnaces inasmuch as they require no 


annealing ovens have unusual flue construction snd have pyromete: 
Their operation cycles ure recorded on charts. 
‘he molding department has no partitions, hence sand cutting is facilitated, 


lhe many illustrations add to the value of the paper, 


ON THE VOLUME CHANGE DURING SOLIDIFICATION IN CAST 
‘(ON AND PURE IRON, By Kotaré Honda and Hikozo Endo. 


With the object of confirming the view, that in the iron-carbon system, 


hite formed during solidification is a decomposition product of cementite, 
the product of a direct precipitation from the melt, the present writers 
ed the change of volume of different cast iron during solidification 
contained nearly the same amount of carbon, and different amounts 
won, The method of experiments is based on the change of buoyancy 
rone by the sample which was placed in a vessel made of refractory 
rial and dipped into melted sodium chloride; during the cooling through 

ts solidification range, the change of buoyancy was observed by means of 
rmobalance, and thus the volume change was calculated. The results of 


beervation are as follows: 


Observed Calculated 


e 


V 


bv 
Total Carbon Graphite Carb. Silicon 
Per Cent Per Cent Per Cent Per Cent Per Cent 


3 3.08 » 03 1.65 1.66 


4. 

4.2 3.06 2.31 1.638 1.64 

4.2 2.80 1.28 1.18 1.18 
4.1 2.20 0.44 O47 0.16 
t.1 ~.06 O38 0.00 18 
£0 1.17 0.08 1.76 1.55 

\s the graphite carbon decreases, observed Z changes from a positive 


\ 


e 


; OV . ‘ 
. negative. From the graphite curve, the volume change in the 
\ 


no graphitization can be estimated to be —3.6 per cent. On the other 
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hand, if we admit that the graphite present in these cast irons is a 


tion product of cementite, we can calculate the volume change 
decomposition of cementite from the quantity of graphite present 


> 


irons, and hence the actual change of volume can be obtained by th 


bv bv 
3.6 4 a ) decomp. (% 
v V 


The values given in the last column of the above table are the volun 
caleulated by the above relation. The coincidence between the cal 
obverved values are very satisfactory, showing the correctness of 
referred to in the beginning. Abstracted by Dr. Kotaro Ho 


PROGRESS SHOWN. By Dan M. Avery. In The Foundry 
1926, page 314. 

The author reviews the great improvement made in foundry 
equipment and character of product during the past twenty-five 
is of the opinion that steel and malleable castings rank high. The 
still supreme with few exceptions. 

The marked change in foundries from 1900 to 1926 might 
termed revolutionary,—so tremendously has it developed. The typ 
ing has been improved and made not only more attractive but mor 
for its uses. 

The inadequate lighting of the interior of the shop often resulted 
work and in discomfort to the workers and frequent accidents wer 
attributable to insufficient lighting. 

The electric crane was a novelty. In those days hand or hyd 
was used. Now electricity lifts and carries the burdens. 

The machinery in 1900 was erude and of very limited capa 
durance. 

The quality of production has been much improved largely thr 
search work and the development in metallurgy. Scientific advanceme: 
in practically every branch of the foundry industry has resulted ii 
tonnage and finer product. Perhaps the greatest strides in foundry p: 
during this quarter century have been in mechanical equipment. 

The author sets forth in a table the total pig iron aud foundry iron 
duced from 1900 to 1925 and by a graph shows the heavy gains in steel! cast 
ings production made during this period of time. He also tabulates the t 
number of foundries in the United States and Canada cperating during | 
time. 


AVOID EMBRITTLEMENT IN MALLEABLE IRON CASTINGS 
Edwin Bremer. In Iron Trade Review, April 15, 1926, page 993. 

A new process of heat treatment and quenching removes galvanizing 
culties and aids machining. The loss of product is reduced material!) 
heat treating process was used for over 8000 tons of castings with only si 
loss due to embrittlement. 

The author shows by photographs the castings moving slowly through t 
rotating furnaces where they meet a gradually increasing temperature 
furnaces are oil-fired and the temperatures are checked by pyrometers 
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ous quenching chamber assists in making the process automatic. He 
hows an oil-fired muffle furnace which heat treats castings of intricaté 
that might be damaged in the rotating furnaces, 


ON THE ABRASION OF CARBON STEELS. By Masuhiro Susuki 
oku no Kenko No, 3, 1926, page 149. 

lhe writer measured the coefficients of abrasion of different kinds 
itectoid carbon steel. Both the standard and relative 


sion were observed; the former is defined as the 


o! 
coefficients of 


amount of abrasion 
given substance A with respect to the standard 


ord 


substance N per 
work and the latter as that of abrasion Wa» of a substance A 
to any other substance B. The 


with re 
method of experiments consists of 
suring the amount of wear taking place in the contact surfaces of an 
ar shape of two vertical cylindrical tubes revolving about a 


tical axis under a given load; the frictional force acting between these 


eommon 


iwo 


contact surfaces became constant after a certain interval of time, which 
was recorded on a cylinder and taken in the calculation of the work 

The results are as follows: 

Under a given coefficient of friction, the amount of abrasion of a 
tteel is proportional to the applied work. 
The coefficient of abrasion of a given steel increases rapidly as the 
coefficient of friction increases. 

Under a given coefficient of friction between two abraiding steels 
\ and B, the amount of wear in steel A increases linearly with th: 
carbon content of steel B. On the other hand, the amount of wear 
in steel B with respect to steel A decreases rapidly as the carbon 
content of steel B increases. 

Between the standard and relative coefficients of 


ple relation approximately holds good: 


abrasion, a follow 


W bn 


Wap Ix oem 
Wan 
K is a function of the coefficient of friction. 


In the present case u 0.65 and K 7.8, the unit of work being kilo 


gram-meter and that of wear miligram. Abstracted by Dr. Kotaro Honda. 


THE PRESENT STATUS OF RESEARCH OF METALS. By F. Korber 
Dusseldorf. Zeitschrift des Vereines Deutscher Ingenieure, April 10, 1926, 
iges 494 to 496. 

In this paper the author describes the fundamenta] points of view of! 
nodern scientific investigation in metals. 


he first disclosure on structure was given by the examination of metallic 
res. A great progress in the knowledge of the internal texture of metals 


; 


as made by the introduction of the microscopic. The arrangement of the crys 


tes to each other and their size are intensively influenced by the solidifica- 
onditions. 


tior 


The number of nuclei and the velocity of crystaliization is de- 
pendent upon the temperature, and the conditions of the flow of heat are 
terminant on the crystallization. By the aid of the X-ray method of 
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S . 


into t 
structure of metals than by the microscopic examination. Th 


examination it is possible to gain an even deeper insight 


portance of the constitution diagrams is mentioned. The stru 
after solidification is subjected in numerous eases to further eha) 
metals have polymorphous transformations at certain temperat 
structural changes of alloys in the solid state are of particular 


in addition to the transformations, possible in the constituents o/{ 
there are still other possible structural changes owing to separatio, 
ena, The explanation of the constitution of alloys by the aid o 
tion-diagrams has given the impetus to a systematic investigatio) 
physical properties of the alloys in dependence on the chemical econ 
and it has been evident that in alloys which are composed of two 
crystals, the properties change linearly with the composition but 
homogeneous mixed crystal series the change takes place in a catena) 


Metallic materials are distinguished by the fact, that they show great 


of properties in the range of remaining deformations at sufficiently low tempo; 


atures, especially in mechanical properties. By annealing at higher tem 
tures the original properties recur; the material recrystallizes. The ir 
tion of the mechanism of over-elastic deformation on single crystals 
described and it is shown, that the space-lattice structure of a metal 
lost even at great deformation. The investigation of over-elasti 
tions of metals is of great importance, because it may give the element 
the mechanism of plastic deformation. In testing metallic mate: 
properties of the metal are ascertained almost without exception in thi 


of great plastic deformation. Abstracted by Dr. Hans Pol 


MAKING HIGH GRADE STEEL—X. By J. A. Coyle. In /) 
Review, April 22, 1926, page 1057. 

The author is of the opinion that plow makers as well as steel ma 
turers share the responsibility for ultimate results and that the pit 
production and fabrication are numerous. 

The writer enumerates the variety of causes for complaint, rejectior 
replacement which illustrate the difficulties encountered in the productior 
marketing of soft center plow steel. 

By means of illustrations he sets forth the internal breaks in ingots 
steel that was not properly made; the sheared shapes used in plow making 
a specimen of 3-ply soft center plow steel with one corner battered to s 
character of inner and outer layers and a few assembled plows, indicating 
the variety of shapes required. A table showing the use of scrap for 
center plow steel is given. 

HEAT-TREATMENT DATA ON QUALITY STEEL CASTINGS 
A. E. White. In Mechanical Engineering, May 1926, page 497. 

The author sets forth his findings on the heat treatment of quality 
castings. The chemical composition for straight carbon steel castings is 
and the proper conditions surrounding the casting of the metal are en' 
ated but the paper is mainly concerned with a discussion of the influe 
heat treatment on the physical characteristics of steel castings. 


The results of the laboratory tests on dendritic and non-dendrit) 
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ntreated, annealed, normalized and drawn, and spheroidized condition 


ulated as are also the heat treatments on the impact value of steel 


Laboratory tests were augmented by plant tests and the results are given. 
When the standard of test is high strength, fair ductility, and maximum 
e to impact, the normalizing and drawing treatment will be found 
he best, is the conclusion of the author. 
ELECTRIC MELTING FURNACES IN THE METAL INDUSTRY. By 
Oberingenieur Th. Metzger, Eberswalde. Zeitschrift des 
we, March 13, 1926, page 349 to 356. 


Vereines Deutsch 


{mong the great number of electric furnaces for melting non-ferrous 


tals, only the induction furnace and the rotating or oscillating electric are 
diation furnace have proved their special availableness; for melting alloys, 
especially difficult of fusion, the high frequency furnace enters in competition, 

(he means employed in electric furnaces to mix well the molten metal 
, obtain a uniform alloy are: mechanical, as turning or rocking the furnace; 


electrodynamical, as the pinch-repulsion-motor-effect and streaming of the 


metal owing to the differences of the specific gravities, depending on differ 


temperatures. 

The author describes detailed different types of electric furnaces: The 

Roechling-Rodenhauser furnace, the Ajax-Wyatt furnace as examples of 

luction furnaces; as examples of electric are furnaces; the Booth furnace, the 

kheinmetall furnace, designed by the author, and the Detroit rocking furnace 
the Detroit Electric Furnace Company, Detroit. 


in 


The Rheinmetall furnace possesses a rotating drum and is constructed te 


be immediately connected on polyphase electric current. The electrodes, enter 


by one front side and displaced against each other at an angle of 120 


ieyTees, 


meet under a certain angle to the horizontal line inside the furnace. 


lhe drum may be changed within one or two hours without disconnecting 


ther parts of the furnace. The charging door and the tap hole are placed 
on the front side opposite the electrodes. The refractory furnace lining con- 


sists of basie chamot, withstanding 300-600 heats. The furnace is constructed 


with capacities of 225 to 450 pounds (100-200 kilograms), 1100 to 1650 pounds 
)00-750 kilograms) with a current-consumption of 


250 kilowatts and cos 
9-0, 8, and 2200 to 2400 pounds (1000-1200 kilograms) with a current 
onsumption of 350-370 kilowatts and cos 0, 9-0, 8; the working voltage 
| to shor imounts 90, 100 or 110 volts. 


The preferences of the rotating electric-are furnaces are: 


making 


indicating 


for sot 
|. Good fitness of mixing, 


Good utilization of heat, and connected with that small 
Power-consumption, 

Small waste of metal and the possibility to be able to begin the next 
heat without the aid of a molten charge. 

Independence from the electrical conductivity of the fusion, 
Independence in the choice and the succession of the ailoys to be 


melted. 


ther the high frequency furnace, type Ajax-Northrop, is described, 
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Finally the author gives the general preferences of electri: 
which are: 
1. Simple regulation of temperature, 
Small loss of metal, 
Omission of gas or fuel, in purifying the charge. 
Omission of the crucible-costs, 
Good mixing of the fusion, 
Greater homogeneity of the metal, 
Lower wages, 
More healthy conditions for the workmen. 


Abstracted by Dr. Hans P 

STUDIES ON CHILL CASTINGS. By Kojiro Homma. jk 
Kenku 3, (1926), No. 2, pages 96-117. 

The author investigated different factors affecting the hardness 

easting. The results of experiments with an iron mold are as folloy 

The rise of the maximum temperature of the melt increases chill eff 


the pouring temperature does not affect it; (2) the increase of heatin, 


val affects the chill in the same way as the rise of the maximum temperat 


but in a less degree; (3) the effect of the maximura temperature and 
heating interval are due to the diminution of dissolved gases in the m 
(4) carbon content increase the chill effect; (5) silicon content above | 
cent decreases the effect; (6) the temperature of the iron mold up 
degrees Cent. does not much affect the chill; (7) the effect increases wit! 
thickness of the mold; (8) the composition of the material, the maxim 
temperature and the thickness of the mold are three important factors aff 
ing the chill hardness. 

Abstracted by Dr. Kotaro Honda 

THE EFFECTS OF ARSENIC ON STEEL. By Alan E, Cameron, M. 5 
and G. B. Waterhouse, B. Met., Ph. D. British Tron and Steel Jnstit 
May meeting. 

In discussing this subject the authors are of the opinion that althoug 
the effects of arsenic are in many ways similar to those of phosphorus the) 
are not evident until the amount of arsenic present greatly exceeds the max 
mum allowable amount of phosphorus. They point out the effect of arse 
on the physical properties of steel and found in their investigation that 
ing forging the arsenic-bearing steels all seamed badly showing that a! 
tends to induce red-shortness. Their reaction to heat treatment was th 
as steel without arsenic. 

In the mechanical tests arsenic showed a tendency to increase the ten 
strength with an increase in hardness and a decrease in ductility. 
has an apparent effect on the shock-absorbing property of the metal. 

The authors describe the results of their investigation and by mea 
tables set forth the analyses for arsenic segregation; chemical analyses 
forged metal; comparison of results of determinations for arsenic; trans 
formation points of arsenic steels; results of mechanical tests of arsen! 
steel and the corrosion of arsenic steel. 

Longitudinal and cross seetional microscopic specimens etched 
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acids and reagents are shown in the 21 photomicrographs ineluded 


paper. <A bibliography is attached. 


seLECTING THE PROPER STEEL FOR MAKING SHOP TOOLS. 
J. B. Mudge. In Jron Trade Review, April 29, 1926, page 1117. 

in answer to the question ‘‘What is the best steel for making tools,’ 

thor states that it is doubtful if there is a ‘‘best,’’ but is of the opinion 

or all around purposes high speed steel seems to meet the requirements 

rn) specifications are meaningless, in his opinion, but those which give 

sonable manufacturing variations and tolerances,—specifications which tell 

manufacturer what is wanted are helpful. ‘*‘The use of a uniform base 

. known source is good insurance when selecting tool steels,’’ says the 

lie further sets forth the various tests applied to detect defeets in 

‘he raw material and claims that the microscopic test is probably best for 
lating the condition of the steel, 

He also considers the human element and automatie temperature contro! 
f great importance in the hardening of steel. 

In discussing non-shrinking steels the writer ‘‘wishes to point out that 

is no such thing as non-distorting steels.’’ 

The results and observations of 13 different blanking tools operated 
ugh 113 setups over a period of 18 months are set forth. 
CENTRIFUGAL PIPE FROM SAND MOLDS. By W. D. Moore. In 

lve, April 15, 1926, page 1055. 

This article tells how the ‘‘Sand-Spun’’ or ‘‘ Mono-Cast’’ product is made 
a new plant and contains details covering the molds, sand, and finished 
roduet. 

The raw materials consist of the ordinary grades of pig iron available 
the Birmingham district and standard by-product coke is the melting 


lium: modern eupola practice is used in converting the iron to the fluid 
g 


The author continues with a description of the refractory molds and the 
isting of the pipe. He also explains the cooling oven and the cleaning of the 
pipe and the tempering and regenerating of the sand. He next describes the 

udling of the hot metal. 

\ description of the new plant together with a floor plan is given. 

THE THEORY OF STEEL HARDENING, By B. D. Enlund. Viirm 
iwiska Bergsmannaforeningens Annaler 1925, page 8 (meeting in Karlstad, 
Sweden, April 25, 1925). 

Summary of observations made by the author (comp. Journal of the Tron 
ind Steel Institute 1925, I, p. 305) and by others, in regard to changes 
in microstructure, hardness, specific volume, electric resistance and latent heat 


companying the austenite-martensite transformation during quenching and 


the subsequent transformations in austenite and martensite that take place, 


gradually or abruptly, during tempering to increasing temperatures. 


"he hardness of hardened steel is due partly to the enforced solution of 
ron carbide in alpha iron, partly to cold-working resulting from the expan 
ion Occurring when austenite transforms into martensite. By varying the 


rot 


1! cooling, for a suitable steel, martensite of different hardness could 
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be obtained. A silicon manganese steel of 0.30 per cent carbon, af; 


al 

in water, oil and air gave a Brinell number of 488,450 and 277 1 
in each case showing martensitic structure. Faster cooling lowers 

ature of transformation and hastens the transformation proces 

greater amount of cold-working and increased hardness being th, 

On tempering hardened steel, residual austenite—always prese) 

into troostite, always via the martensitic stage. The delay in soft 


even increase of hardness in the tempering range at 210-270 degr 


is due to the formation of fresh martensite and consequent cold-workin, 


During the subsequent discussion the occurrence of a martensiti: 
the tempering of austenite was questioned. Further, the belief was 
that in the air-cooled specimen mentioned, of Brinell hardness 
erable amounts of secondary ferrite were present. 

Abstracted by Axel Hult 

ON THE THEORY OF HARDENING OF METALS. By Kotaro 
Kinzoku no Kenku 3, 1926, No, 1, page 1-12. 

The author distinguishes two kinds of hardness: (1) natural hard, 
of each individual crystals constituting metals, (2) the change of hardy 
as affected by external conditions or the state of aggregation of wi 
erystals. The natural hardness is to be explained by the law of atomic fo: 
The increase of hardness by cold working, by fineness of grains or by int 
strain belong to the second kind. The author explains these increases ot ; 
ness, as well as, the phenomena of blue shortness, and the temper hardeni: 
in quenched steels and cold-worked metals. The general belief that 
distorsion of the space lattice causes the hardening of the metals, is show 
mathematically to be ineorrect. Hence the increase of hardness in 
tinuous solid solution consisting of two components is explained by means 
grain size; this new explanation was also confirmed by an experiment 

Abstracted by Dr. Kotaro Honda 

INFLUENCE OF CASTING-TEMPERATURE AND OF ANNEALING 
ON THE SIZE AND FORMATION OF THE PHOSPHIDE-EUTECTI! 
By Dr.-Ing. H. Jungbluth and Dipl.-Ing. H. Gummert. Kruppsche Monat 
hefte, March 1926, pages 41 to 46. 

It is known, that the phosphide-eutectic is netlike if cast iron is 
poured and equally distributed, if the iron is cold-poured. 

The changes of the phosphide area, of its grain size and of its microsco| 
form at different casting temperature was investigated. For this purpos 
series of heats of different chemical composition was made in a crucibli 
melting furnace and of every heat two ingots were poured—one hot, the ott 
cold. The microscopic examination of the ingots showed that the amount o! 
phosphide-eutectic was smaller in the hot-poured tests than in the cold poured 
The grain-size and the formation was the same in both cases. To investigs! 
the influence of annealing, the ingots were divided in parts, which 
annealed at 930, 1110, 1525 and 1650 degrees Fahr. (500, 600, 830 and 9 


‘ 


degrees Cent.) for two hours. About 1525 degrees Fahr. and even bett 
about 1650 degrees Fahr., there was a conglomeration of the phosphide eutec! 
and a diffusion of phosphorus in the ferrite, so that the quantity of phosp! li 


eutectic decreased. Abstracted by Dr. Hans Pollo 
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Reviews of Recent Patents 
By 
NELSON LITTELL, Patent Attorney 


475 Fifth Ave., New York City 
Member of A. S. S. T. 


1.573.037, Method of Producing Cast Iron, John Clifton Henderson, of 
of New York, N. Y., ASsignor to Driver-Harris Company, of Harrison, New 
Jersey, a corporation of New Jersey. 

his patent describes a method of producing cast iron containing small 


‘ions of nickel and chromium which increase the wearing properties and 
sile strength of the iron. It is the object of the inventor to overcome the 
Hieulties heretofore met with in the introduction of nickel or chromium into 

cast iron beeause of the high melting point of the nickel and the tendency 
the chromium to oxidize and slag off from the iron bath, In carrying out 
. method, the inventor forms an alloy of nickel-chromium and iron containing 
pproximately 60 per cent nickel, 12 per cent chromium, 27 per cent iron and 
er cent carbon. Due to the presence of the relatively large amount of iron, 

ilioy has a melting temperature of approximately 2200 degrees Fahr., and 
; introduced into the cast iron mixture in the form of shot or small pieces by 


hardeniy 


ing the alloy in the bottom of the ladle and pouring a molten iron, whieh 


othe is been heated to approximately 2500 to 2700 degrees I'uhr, over the nickel 
hromium alloy. In view of the high nickel and chromium content of the 
relatively small proportions are needed to produce in the final alloy 
nickel and chromium content desired. Thus from one to two pounds ot 
illoy, mixed with one hundred pounds of molten iron produces a final 
wuet having niekel 0.45 to 2.40 per cent., chromium 0.09 to 0.48 per cent., 
arbon 3.25 to 4.25 per cent. and iron 95.37 to 91.95 per cent. 

1,573,977, Pickling Machine, Leif Lee, of Youngstown, Ohio. 

his patent deseribes a pickling machine comprising a base 7 supporting 


utainers 5 and 6 for the pickling bath. A standard 10 between the contain 


icroscopi 
DUT pose 
Cru ibli 
the othe: 
mount ol 
ld-poured 


ivestigat 
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ers 5 and 6 supports an oscillating walking beam 12 on the beari) 
each end of the beam 12 over the pickling bath is a vertical 1 
cross head 15 slidable on the guides 16 positioned above the contain: 
The sheets, plates or other materials to be pickled are placed on 
suspended from a rod 17 extending between the slides 15 and 

or raised in the pickling solution by oscillation of the beam 12 thro 


crank 27, link 28 and pitman 29. When the trays 19 are in the pi 


5 and 6, they are alternately raised a few inches and lowered by os: 


the walking beam 12 to agitate the articles on the trays to promot: 
action of the pickling liquid. 


1,574,131, Method of Making Steel, Iron and Other Metal Plates, Samuc) 
T. G. Smith, of St. Louis, Missouri. 

This patent describes a means for preventing sheets or plates fro 
ing together during rolling or when piled upon one another for heat 
ment or other purpose, by placing powdered barytes on the surfac 
sheets. Barytes may be applied to the hot sheets and it does not pro 


injurious effect upon the sheets, but prevents adhesion of the plates 


1,574,374, 1,574,375, 1,574,376, 1,574,377, Process for Treating 


Iron 
W. J. Diedrichs and Anson Hayes, of Ames, Iowa. 


These patents describe a method of heat treating white cast iron t 
duce a condition, duplicating the properties of commercial malleab| 
a shorter time than is ordinarily required to malleableize white iron 
principle features, the process consists in raising the temperatures of thi 
iron castings, either rapidly or slowly, to a point between the critical ten 
ture of the material, 1365 degrees Fahr. and the point of incipient fusi 
holding the castings at this temperature from fifteen minutes to fiv 
depending upon the temperature chosen and the compositien of the iron. T! 
material is then cooled, either rapidly or slowly, to the neighborhood of critir 
temperature, and this heating and cooling operation repeated any des 
number of times, the number of repetitions of these steps depending 
properties desired in the final product. The final cooling is carried 
tremely slowly. The product formed is similar to the commercial m 
iron, having a tensile strength of 44,000 to 53,000 pounds per square inch 1 
an elongation of 15 per cent or more in two inches. ‘The process is conside! 


ably shorter than the ordinary malleableizing process, 


1,574,550, Method of Making Magnetic Alloys, Vere B. Browne, 0! 
Brackenridge, Pennsylvania. 

This patent describes a commercial process of producing silicon iro: 
use as a magnetic alloy in an electrical apparatus) having an extreme! 
carbon content, in large quantities and at relatively low cost. Hereto! 
the production of silicon iron alloys having a carbon content of not « 
per cent have been possible only on a laboratory scale. The present invent 
consists of refining the iron in an open hearth or in an electric are 1 
to remove as much carbon as possible by standard methods, tapping the ! 
into a ladle and adding sufficient ferro-silicon to raise the heat of t! 
to maintain a correct temperature during the Bessemer blow and th 
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the metal from the ladle to a Bessemer converter and overblowing to 


nove substantially all traces of carbon and then adding the desired amount 


on to the carbon free iron. A great deal of the silicon is removed in 


onverter and the proper amount of low carbon ferro-silicon is added in the 
die following the Bessemer blow. 


1.574,782, Nonmagnetic Steel, Erich Becker, of Kladno, Czechoslovakia, 
Assignor to Poldihutte, of Praha-Vinohrady, Czechoslovakia, a Joint Stock 
Company. 

‘his inventor has discovered that nickel-manganese steels containing six 

\ fifteen per cent. of manganese, seventeen to four per cent. of nickel and up 
to ten per cent. of chromium possess a high drawing limit while still preserving 


reneral properties of nickel-manganese steel. The chromium content may 


replaced by molybdenum or vanadium, or by both of these metals. 


The 
»| is substanially nonmagnetic. 


1.575.087, Apparatus for Annealing Pipe, Charles W. Bardeen, of Long 


Beach, California, Assignor to B and B Pipe Shops, Inc., of Long Beach, 
California, a Corporation of California. 
This patent describes a field method for heat treating or annealing a dri'l 
ing Iron ni 


‘ eane : L. 
or use in drilling oil wells and other purposes to overcome the defect 


rystallization of the pipe. In the drawing, 11 indicates the drill pipes 


through repeated impacts, become fatigued 12 indicates the support 
for the pipes 


, 15 is a closed hood for surrounding the end of the pipe to per 
‘owne, 0! 


mit the proper concentration of heat, 20 is a gas burner provided with a suit 


ble control cock 23 and mixing nozzle 21 for heating the interior of the 


muffle 15 by projecting the flame through the hole 17 of the pipe. 


iron fry 


By using 
mel 


this method the pipe is heated to its highest temperature near the end, the 
eat being gradually decreased toward the center of the pipe so that there is 
10 sudden change between the annealed and unannealed portion. 


1,576,274, Manufacture of Tin Plate, Gavin Mure Harris, of Lancashire, 
England. 


This patent claims the process and apparatus for the manufacture of tin 
vhich comprises passing the plates from the stack A by means of the 


through the pickling bath E, thence past the washing sprays H, where 
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they are swilled to remove acid, through rubber feed rolls G int 
bath K through another series of rubber feed rolls G to the driving 
thence to the conveyor N. The plates are fed through the vats 


by means of the rotating wheels F which are regulated to provide thy 
pickling period. 


1,579,866, Apparatus for Tempering Tools and the Like, Ernest Ellery 
Jacobs and Marsh Karnes, of West Frankfort, Llinois. 

This patent describes an apparatus for tempering cutting bits and « 
small tools which comprises a tray 15 supported by suitable standa: 
through which a tempered solution, such as oil, water or the like, is cire 
from the tank 18. Rotatably mounted adjacent the tray 15 is a ¢| 


’ 
i 


veyor 26 carrying a plurality of buckets 35 having holes 36 adjacent th 
tom thereof through which the oil in the pan 15 may cireulate. As the buck 
ets 35 are moved on the conveyor 36, the tools to be tempered are pla ed ther 
in adjacent the end 12 of the stand and the buckets are moved throug! 
pan 15 in which the tempering solution is circulated through the holes 65 
the buckets. At the end 13 of the stand the bits or cutting tools ar 

into the vat 45 which contains a liquid holding the proper temper on Uh 

of the bits. 





THE QUESTION BOX 


The Question Box 


A Column Devoted to the Asking, Answering and Discussing 
of Practical Questions in Heat Treatment — Members 
Submitting Answers and Discussions Are Requested 
To Refer to Serial Numbers of Questions 


QUESTION NO. 189. What is the McQuaid-Ehn test and what are its 
i. selecting steel for carburizing? 

QUE STION NO. 188. What causes the scaling on the inside of holes 
ston pins when heated in a Hoskins electric pusher type furnace? Does 
sulphur content of the steel have any marked effect? 

QUESTION NO. 187, What causes the carbonaceous deposit on steel 
s when quenched in oil from temperatures about 1600 degrees Fahr.? How 
this be eliminated? Do all oils have the same effect in the same degree? 
QUESTION NO. 186. Why should marking dies be rubbed with emery 


before using ? 


lest Ellery 


QUESTION NO. 185, What precaution should be observed in designing 

h a tool? 

QUESTION NO, 184, What precaution should be observed in quenching 

| steels containing chromium? 

QUESTION NO. 183. What effect, if any, have the additions of alloys 

the internal stress of tool steels? 

QUESTION NO. 182. What indication, if any, is given in the quenching 

ol steel if the steel is quenched while going through the critical range? 

YVUESTION NO. 181. How may a pyrometer be checked by means of car 

tool steel? 

QUESTION NO. 180. Explain the effect of decarburization in grinding. 

QUESTION NO. 179 What is the difference between grinding cracks and 

ding checks? 

QUESTION NO. 175. How long should high speed steel tools be left in 

the high draw? 

\NSWER. By E. P. Geary, metallurgical department, Colonial Steel 

upany, Monaeca, Pennsylvania. 

lt is general practice to reheat hardened high speed steel tools to about 
ent the bot 1100 degrees Fahr. and hold for one hour after the tools have been heated 
As the buek niformly throughout. Experiments show that redrawing and holding for an 
laced there other hour, and also single drawn holding for two hours, does not have any 
through the owerlng effeet on the hardness. The longer draw appears to give the tools a 
holes 3! ligher degree of toughness than the short draw. The time held in the drawing 
are dump peration is only necessary to change the so-called austenitic structure, obtained 
yn the in the steel from the hardening operation, entirely into martensitic structure. 
this operation gives a harder metal (secondary hardness) and also removes all 
ternal strains set up in the quenching operation. 


YVUESTION NO. 174. How long should high speed steels stay in the 


+ 
| rehea 
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ANSWER. By E. P. Geary, metallurgical department, Co}, 
Co., Monaca, Pennsylvania, 

High speed steel should not remain in the preheat any longe 
sary to heat uniformly throughout and should then be immediately) 
to the high heat furnace. The time required for this depends on th 
piece of steel or tool that is to be hardened, The reason for this is 
heavy scale and decarburization being formed on the surface of t! 
it is necessary, in the case of quantity production, to preheat a 
of tools, it is advisable to make use of three furnaces, keeping 
quantity in a furnace with a temperature of not over 1200 degrees | 
an excess of gas for holding at this temperature to prevent oxidatio: 
speed steel will not scale at or below this temperature. When ready 
ean be brought up to the regular preheat temperature of 1500 to 16 
Fahr, At the same time, the other preheat furnace can be charged 
at 1200 degrees Fahr. so as to save time in preheating and thereby 
the daily production. 

QUESTION NO. 173. To what temperature must high speed tool 
permitted to cool before drawing and why? 

ANSWER. By E. P. Geary, metallurgical department, Coloni 
Company, Monaca, Pennsylvania. 

When quenching high speed tools to harden, they should bh 
eool to a temperature of 150 to 200 degrees Fahr. before being re!) 


draw. The structure being formed in hardening high speed steel will 
complete or ‘‘set’’ until the above range is reached. Quenching or | 


high speed steel from the high temperature range to about 700 or 800 d 


ahr. and reheating to 1100 degrees Fahr. and holding for any period of 1 


and then cooling or quenching does not produce a hardened and drawn product 
Instead you only have a hardened, undrawn piece of steel, as the onl: 

the reheating had was to retard or delay the original hardening action 
wasn’t complete until a temperature of about 175 degrees ahr. was reach 

QUESTION NO. 172. Can you quench and draw high speed steel 
heating operation? 

ANSWER. By E. P. Geary, metallurgical department, Colonial Ste 
Company, Monaca, Pennsylvania. 

High speed steel should not be quenched and drawn in one operatio! 
a high speed tool should be hardened all over. For instance, high spe 
shanks, as on reamers and end mills which receive a great deal of strain, sli 
not be left soft, because the hardened structure is the strongest. To hard 
properly it is necessary to cool the entire tool down to 175 degrees Fal 
then reheat to draw. 

It is possible to use the hardened tool without reheating to 
allowing the frictional heat generated by use to draw the temper, 
existing quenching strains are liable to crack or cause the tool to brea! 
they are relieved. 

QUESTION NO. 171. What is the hardness of carbon steels at eli 
temperatures such as 400 to 1000 degrees? 


QUESTION NO. 170. Why do you get a low Rockwell reading on 5" 
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NESTION NO. 169. What is the hardness of high speed steel 


temperatures such as 400 to 1000 degrees? 


at 


OUESTION NO. 168. Why is a high draw beneficial to high speed steel? 
\NSW ER. By E. P. Geary, metallurgical department, Colonial Steel 
my, Monaea, Pennsylvania, 
igh draw is beneficial as it allows secondary hardness to take place. 
speed steel quenched from the usual high temperature retains the char 
‘sti austenitic structure, In drawing after quenching, the hardness 
tically remains unchanged until a temperature of about 925 degrees Fahr. 
htuined at which point the hardness increases reaching a maximum at about 
to 1135 degrees Fahr. The hardness of the steel drawn within this range 
often Rockwell two or three points higher than the readings obtained on 
ndrawn steel, At temperatures above this range the hardness rapidly 
eases until a minimum is reached at the annealing temperature on slow 
The high draw transforms the austenite into martensite and also 
brittleness, which together with the increased or secondary hardness 


two most important beneficial reasons for the high draw. 


QUESTION NO. 165. What importance should be placed on the carbon 
t of high speed steel? ; 


allowed + VUESTION NO, 163. What is the lowest temperature at which ingot 


low carbon steel will carburize when packed with the usual type of com 


y) 


al carburizer: 


\NSWER. By C,. G. Williams, mechanical engineer, Barber-Colman Co., Rock 


. . 
co | iMnOISs, 


The temperature at which any steel will carburize depends on the carbon 
ntent of the steel. The higher the carbon content, the higher the tempera- 
required to take up carbon from surrounding carburizing materials. 
lt is believed that ingot steel is generally held to a carbon content of 
02 per cent and concerning steels or irons with this low carbon con 
t, the writer cannot state from actual test, but with steels with a carbon 
ntent of from 0.05 to 0.12 per cent and from 0.20 to 0.25 per cent and from 
(> to 0.90 per cent tests have been made to determine the lowest heat at 

ich any appreciable carburizing will take place. 
(ienerally speaking, steels with a carbon content of 0.05 to 0.12 per cent 
may be classed under low carbon steels, and in the tests made, no appreciable 
e of carburizing took place below a temperature of 1519 degrees Fahr., 
though with one sample of 0.12 per cent carbon, a slight carburizing was 
ted after 15 hours of heating. 
\s the carbon content becomes higher, so also does the temperature re 
ired to effect carburization. It has been definitely proven that with a 
rbon content at or above the eutectoid point, the temperature required to 


ect carburization will be only those above the Ar, point of the steel in 
question, 


T) 


1} 


ie following quotations may help to clear up the subject: 


veEUR—** The Metallography and Heat Treatment of Iron and Steel,’’ 
page 315. ‘* While it has been claimed that iron below its critical 





TRANSACTIONS OF THE A. 8. 8. T. 


point will absorb some carbon, this absorption, if taki: 
all, is very slow.’’ 
GrioLitti—‘Cementation of fron and Steel.’’ Claims a 
in 0.05 per cent carbon steel at a temperature of 1413 de, 
also of a 0.59 per cent carbon steel at 1533 degrees Fah: 
0.89 per cent carbon steel at a temperature of 1728 dem 
He also states: ‘‘'The authors consider it as proved that 
sion of carbon occurs only at temperatures above the A 
the metal.’’ 


JEFFRIES AND ARCHER—‘‘The Science of Metals,’’ page 
pag 


‘*Low carbon steel heated above about 1290 degrees Fal 
stant contact with certain carbon containing materials 
carbon at the surface.’ 

BrapLeEy StroucuTron—‘'The Metallurgy of lron and Stee! 


cementation process takes place with extreme slowness 


critical temperature of the steel, and increases rapidly 


temperature above that point.’’ In a table he shows no penet 


at a temperature of 1290 degrees Fahr. 
QUESTION NO. 159. What is the explanation for the ret 
on corrosion of small amounts of copper in low carbon steel 
QUESTION NO. 158. What is the present recognized caus 
‘‘ transverse fissure’’ as occasionally found in rails? 
QUESTION NO. 157. Does 0.070 to 0.090 per cent phosphorus 
carbon basic open hearth steel tend to prevent ‘‘ stickers’’ in th 


sheets? If so, what is the explanation for such a tendency? 


DO YOU KNOW? 


What is the weight per cubic inch of metallic nickel? 
ANSWER: A. 8. 8. T. Handbook, page C-3. 

What heat treatment will place S. A. EB. Steel 8450 in a machinal 
dition? 

Answer: A. 8. 8S. T. Handbook, page C-17, 

If stainless steel is tempered at 900 degrees Fahr., what phy 
erties may be expected? 

ANSWER: A. 8S. 8. T. Handbook, page D-7, 

What carbon and vanadium contents are suitable for locomot 
such as frames, wheel centers, etc.? 

Answer: A.8. 8. T. Handbook, Page F-8. 

How should high speed steel be cooled from the annealing temperal 
Answer: A, 8. 8. T. Handbook, pages M-3 and M-4. 

If high manganese is used in carburizing steels, what carbon 
suitable? 

ANsweER: A. 8. 8. T. Handbook, page R-4. 

What is the principle of the thermoelectric pyrometer? 
Answer: A, 8. 8. T. Handbook, page 8-4. 

What precautions should be exercised in the preparation of meta 
specimens ? 

ANSWER: A, 8. 8. T. Handbook, page T-4. 

When checking a scleroscope, what attention should be given 
diamond ? 

Answer: A. 8S. 8. T. Handbook, page V-8. 

What type tensile test specimen should be used for brass 01 
Answer: A. 8. 8. T. Handbook, page V-18. 
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News of the Chapters 


STANDING OF THE CHAPTERS 


\ the May issue of TRANSACTIONS appeared the relative membershi} 
| standing of the 28 chapters of the Society as of March 1, 1926, and as 
\pril 1, 1926. The tabulation which appears below shows the relative 


nbership standing of the chapters on April 1, 1926, and May 1, 1926. 
Standing of the chapters as of May 1, 1926 


GROUP I GROUP I] GROUP IT] 
troit (384) 1. Lehigh Valley (133) 1. Tri City (64) 
Cleveland 3875 ’. Hartford 182 ’. Los Angeles 64 
Philadelphia 353 3. Golden Gate 132 3. Rockford 59 
Pittsburgh 321 . Syracuse 100 New Haven 58 
io 306 5. Milwaukee 100 >. Washington OS 
York 251 ». Cineinnati 80 3 Worcester 57 
OG St. Louis 75 . Rochester 51 
Indianapolis 75 . Schenectady 49 
9, Buffalo 56 0 Toronto 45 
10. North West 50 Vrovidence 43 
Springfield 30 


Fort Wayne 26 
Standing as of April 1, 1926 


GROUP I GROUP Il GROUP III 


roit (383) 1. Hartford (132) . Tri City (64) 


Cleveland (367) ”’ Golden Gate (128) Los Angeles (64) 


Philadelphia (354) 3. Lehigh Valley (117) 3. New Haven (58) 
Pittsburgh (314) . Syracuse (99) 
("} 


Washington (57) 


ago (3038 ) 5. Milwaukee (94) 5. Worcester (56) 
New York (245) ». Cineinnati (77) Schenectady (50) 
Boston (230) . St. Louis (72) . Rochester (49) 
Indianapolis (70) . Rockford (47) 
Buffalo 9 Toronto 
North-West . Providence 


Springfield 


are in the Society at the present time 8925 members and it is 
that the A. 8. S. T. will go over the 4000 mark by the next report. 
ere 151 new applications and reinstatements this month, while 21 were 
for non-payment of dues and 13 were lost for other reasons, leaving a 
of 121 members. 
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Group 1.—Cleveland with 8 new members had the largest gail 
York and Boston were second, with 6 each. 


Group 2—Greetings to a new leader in Group 2! Lehigh \ 


net gain of 16 members last month jumped from third to first plac 


of 1 member over Hartford, which has held the leadership in thi 
a long time. Golden Gate with a gain of 4 is now tied with H 


hel 


oO 


2nd place, with 132 members each. Syracuse with a gain of 1 and 
with a gain of 6 have joined the ‘‘100 club’’ and are tied for 4t} 
first 8 chapters in group 2 all showed gains in membership. 

Group 3—Tri City and Los Angeles are still 1 and 2, with 64 
each as on the last report. However, there is a newcomer in (iro 
Rockford, with a gain of 12 members for the month, leaped from Sth , 


third, passing New Haven, Washington, Worcester and Rochester. {1 
be well for Nos. 1 and 2 to look to their laurels, for Rockford is not 
jumping yet. Neither Lehigh Valley nor Rockford, the two chapters that 
produced remarkable results this month, have on a membership campaign, 
are selecting their new members with care, even refusing some applications 
desiring to enroll those whom they feel would not be permanent memb 
the chapter. 

All of the chapters will welcome to Group 3—Fort Wayne—Starti 
with 26 members. Fort Wayne will have more members as the applications 
now in the office and as it is now undergoing the organization period 
Wayne replaces the loss of South Bend. 

Next month Montreal will have made sufficient headway to b 
in the groups. 


BOSTON CHAPTER 


HE annual meeting of the Boston Chapter was held at the Mass 
Institute of Technology on Friday, May 7, 1926, the following 
being elected at the conclusion of an informal dinner served to 
members of the Chapter in the Walker Memorial: 

Chairman—F’, H. Cole, metallurgist, Walworth Company 

Vice-Chairman—L, D. Hawkridge, vice-president, Hawkridg: 
Company 

Secretary-Treasurer—H. E. Handy, metallurgist, Saco-Lowell Shops 

Chairman Program—H. B. Parker, metallurgist, Trimont Manufacturing 
Company 

Chairman Membership—A. Hartel, Jr., president, Hartel Brothers 
pany 

Chairman Reception—C, L. Stott, heat treating foreman, Genera 
Company 

Chairman Attendance—E. H. Fernald, chemist, Saco-Lowell Sho) 

Chairman Educational—V. O. Homerberg, instructor of metallog 
Massachusetts Institute of Technology 

Chairman Employment—J. M. Darke, chief of testing laboratory, 
eral Electric Company 

Member at Large of Executive Committee—A. M. Remington, 
engineer, Simonds Saw & Steel Company 
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mber at Large of Executive Committee—H. H. Harris, president, Gen 
eral Alloys Company 

s been his custom on several occasions this year, Prof. George B 
‘house gave one of his after dinner talks on new things in metallurgy. 
s meeting, his subject was in connection with his recent trip to Germany 


entitled ‘‘ Surface Hardening with Nitrogen.’ A complete synopsis of 
k will appear in these columns next month, 


‘he principal speaker of the evening was L. Dwight Granger, metal 
real engineer of the Wickwire Spencer Steel Company, at Worcester, who 
esented a paper on ‘‘The Manufacture of Wire Springs.’ 


yell i 


Mr. Granger 
t some length on the design of wire springs and called attention to 


ny of the difficulties with which the spring maker is confronted when try- 
to manufacture springs to some of their customer’s specifications. 


He 


ed attention to the importance of the modulus of elasticity in the design 
manufacture of springs and to the fact that while the leading authorities 
value of the modulus in torsion to be 12,600,000, the spring 

nds this value to vary from 9,500,000 to 11,000,000 in actual practice 
Speaking of material used in the manufacture of springs, he stated that 
ue two kinds of wire in general use, hard-drawn and oil-tempered., 


rd-drawn wire, variously called by such names as XL-, gamma and premier, 


na 


? 


ow the 


maker 


membe! 
there 


startin yr 


wot ons 


f the general composition of carbon 0.50 to 0.60 per cent; manganese 0.90 
| | 


; per cent; sulphur and phosphorus under 0.95 per cent; no other alloys 
me ng present. This wire has its physical properties by virtue of drawing 
lhe proper size rod is selected, heat treated by ‘‘patenting’’ to secure uni- 
oie rmity, and then drawn to finish size with or without additional heat treat 
ment according to the size to be 


finished. 
nuless term metallurgically 


‘*Patenting’’ is rather a mean 
as it simply means that the wire is heated above 
ritical temperature and then quenched slowly either in air or in a bath 


ead, heated to a temperature of from 700 to 1000 degrees Fahr., to insure 
the proper microstructure. The process was once covered by a patent and 
nee its name. The structure obtained by ‘‘patenting’’ is mainly sorbitic. 
Musie wire is another type of hard-drawn wire and the treatment is 
— 


the same as for gamma or premier wire, except that the carbon being 


0.80 to 0.90 per cent, the heat treatments are much more delicate and 
nd diffieult, 


re 
\ ( 
il 


om 


The distinctive ‘‘piano wire finish’’ is secured by drawing the 
et from a tub filled with sour rye meal liquor after coating it with a 
ontact deposit of tin and copper. 

ire will run from 160,000 to 220 


Iron 


The tensile strength of gamma or premier 
g & 


000 pounds per square inch and music wire 
250,000 to 500,000 in the smaller sizes. 


The elastic limit of both 
be about 55 per cent of the tensile strength. 


will 
Qi] 


l-tempered wire is usually a 0.55 to 0.65 per cent carbon grade. It is 
tented’? for drawing much the same as hard-drawn wire and when drawn 
the size desired is hardened and tempered continuously. The wire is placed 

eels back of the furnace and is pulled consecutively through the furnace, 
hich is 18 to 80 feet long, and heated above the critical temperature of the 
'; then through an oil bath kept vigorously circulating and at the proper 


iperature; and finally, through a lead bath heated to from 800 to 1000 
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degrees Fahr., according to the spring temper desired in the wir 
sile strength of oil-tempered wire will run from 200,000 to 300,000 
square inch, but the elastic limit is about 75 per cent of the tensil 
so that a greater proportion of the ultimate strength can be use 
design. 
One of the most interesting features brought out by Mr. G: 
his description of the treatment given springs after coiling. The 
a spring, of course, sets up uneven strains in the wire. It has 
that by ‘‘blueing’’ the springs at a temperature of from 500 to 6 
Fahr., this strain is relieved, the metal is stiffened and the spring 
liable to set. Several questions were answered by Mr. Granger, aft 
he was given a rising vote of thanks for a pleasant ‘‘spring’’ evening 
Following the meeting, an exhibition of the Eaton-Globar Electri 
was given under the direction of I. N. Zavarine, instructor of heat trea 
Technology, assisted by members of the Eaton Furnace Company organiz; 
The furnace was brought up to a heat of 2300 degrees Fahr. in ab: 
minutes and then Mr. Swanson, superintendent of the Winter Broth. 


) 
A 


. 1 
is ld 


Company, of Wrentham, successfully hardened several dozen high speed ste 
taps. Mr. Zavarine also had on display a number of complex Q-Alloy casting 
which brought forth much favorable comment. H. E. Ha 


BUFFALO CHAPTER 
The first meeting of the Group in Lockport was held on Tuesday evening 
April 27. A large and enthusiastic audience greeted Mr. Potts, the speake! 
of the evening. Mr. Potts is a Lockport man and his talk was of grea 
to those present. Much enthusiasm was displayed as to where the next meetin 
would be held. Many prominent men of Lockport, Batavia and Buffalo 
present. Mr. Roberts of Cleveland was also present. G. J. Armst 


T 


CHICAGO CHAPTER 
May 13—The Mechanism of the Fatigue Failure of Metals (Illus 
H. F. Moore, research professor of engineering materials, University ot 
nois, Urbana, Illinois. Attendance, 200. 
Whether it was the logic in his presentation which comes from | 
fessorship; or the inspiration and goodfellowship that emanates from his 
tact which makes him popular whérever he goes—in the classroom, laborato! 


industry, or meeting place; or the results of things accomplished that 


attached to him; any or all of these may have contributed to the manner i 


which we of the Chicago Chapter listened to and were inspired by Profess0 
Moore. It is good to be taught by a teacher especially in these days of lig 
pressure and super salesmanship, 

Exemplifying the thoroughness of research properly conducted, we sav 
subject of fatigue failure as presented from three distinct viewpoints: 
the engineer who considers materials as being homogeneous and discontin 
that of the metallographist who sees materials as continuous and inion 
geneous; and that of the physicist who treats materials as an a 
its smallest divisions. That such a presentation reached everyone in the larg 


assemblage was evidenced by the fact that a continuous volley of questions 


yoregatiol 
ggrega 
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Professor Moore’s talk. The discussion finally had to be squashed to 

- of the meeting being adjourned at a reasonable time. 

The writer wishes to point out the fact that this lecture marks the culmina 
ton of the two years of Mr. Guthrie’s chairmanship, during which time it was 

chairman’s greatest desire to raise the standard of the technical pro 
vams to a pinnacle not to be exceeded by any other similar society in the 
ait That he has been highly successful has been continuously attested by 
the excellent and exceptional attendance at all meetings which is not to be 
equaled to the writer’s knowledge any place outside the Chicago Chapter. It 
; sincerely hoped that this standard will never be allowed to wane but continue 

he improved with the experience of the society. 

The important business transacted at the start of the meeting included 
election of next year’s officers. KF. C. Wheeler read the report of the nomi 
nating committee which submitted the following ticket which was unanimously 
ipproved by the membership: 

Clg ee oS ae Oi ees teas (5 Be ee eee 
VideCMePE gn eed ks iia. Bs BF Bomeonenn 
fg ee eee 
Executive Committee: J. €C. Biemeck, J. J. Bossard, H. V. 
Cork, O. F. Carl, W. L. Levedahl. 
It must be added that the annual outing to be held at the Hartman House, 
) ing Wheeling, will mark the close of one of the most successful seasons that the 
the speaker hapter has enjoyed for some time, and it only remains for the mammoth con 
reat interest ention in the fall, which this year’s organization is fostering, to, in the words 
ext meeting f Mr. Eisenman, ‘‘ring the bell.’’ J. A. Comstock. 
suffalo 


CINCINNATI CHAPTER 


regular April meeting of the Cincinnati Chapter was held at the 
Ohio Mechanies Institute on the evening of April 15. 
There were forty-five guests and members present. 
The chairman appointed Edward Wise, chairman, H. 8. Binns and E. F. 
, n Ries, to serve as a nominating committee to select candidates for the various 
ae offices to be filled at the May meeting. 


laboraton The chairman also announced the desire of the chapter officers to estab 


is} 


ed that ar a night course in practical metallography and heat treatment similar to 
e@ manner i the courses offered by the Philadelphia and Los Angeles chapters. Tentative 
wr Profce plans have already been submitted by Professor Enos of the University of 
am of hig “incinnati and the whole-hearted support of the University of Cincinnati 
las been assured the chapter in the event the above courses are established. 
we saw | W. R. Fleming, metallurgical engineer of the Andrews Steel Company, 
nts: that ot Newport, Kentucky, was then introduced and presented a paper entitled ‘‘ The 
scontinuous elation Between the Steel Maker and the Steel Treater.’’ 
—ae In his talk Mr. Fleming outlined the practical aspects of steel defects 


ind their relation to the success of steel treating operations. 


gregation 
» ” Tt J : . . . . . 

in the larg The following points were especially discussed: The effects of wild steel 
questioning leat treating results; pouring temperatures; general melting practice; 


inclusions, metallic and non-metallic; seams and surface irregularities. 
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The paper was followed by a lively discussion in which the majorit 
present took part. 

The annual election of officers will take place at the next meet 
chapter to be held at the Ohio Mechanics Institute on the second Thursda, 
May, or thereabout. F. L. Mart 

GOLDEN GATE CHAPTER 


The March meeting of the Golden Gate Chapter of the society was 
on the thirtieth at the Engineers’ Club, San Francisco, in the form of 
ner meeting. The attendance was unusually large, due to the attractive »; 
gram. There were sixty at dinner and over seventy at the meeting followiy 

The meeting was called to order promptly at 8 o’clock by 
Drake, our chairman, who immediately introduced our guest of honor, 
Bird, the national president of the society. Mr. Bird gave us a 


most 


teresting talk, outlining the present work of the society and showing 
prestige that it has now attained, due to the splendid work of the nations 
committees, as well as the individual labors of the chapters. He deger; 

the new idea of group formations, with particular reference to th possibilit 


of groups in nearby cities. He further expressed a very gratifying interes 
in the work the chapter has been doing toward metallurgical education, | 
in the regular meetings and in our course in ferrous metallurgy, whicl 
now drawing to a close. 

Mr. Bird was listened to with great interest by our members a: 
end of the meeting took much time in meeting as many individual member 
as possible and discussing our efforts. The whole chapter feels deeply 
fied in the interest of the national organization and particularly our pres 
dent, who has come so many thousand miles to see us and whose thoughtt 
consideration of the present problems and future development of the so 
have greatly impressed us with the possibilities that are before us all. 

The regular speaker of the evening was then introduced in the pe 
of Dr. W. J. Crook, consulting metallurgist for Pacific Coast Steel Compa 
and member of the Department of Metallurgy at Stanford University. 
Crook presented a most interesting paper on the ‘‘ Microscopic Mechanis' 
of Annealing,’’ giving a short resumé of one phase of some extremel) 
esting research work that he has been conducting during the past yea! 
Through his kindness a summary of this paper is included below, and, alth 
it is necessarily without the many slides that served to illustrate the pap 
our meeting, we feel it will be of interest. 


SUMMARY OF PAPER 

The general practical results sought by the operation of the ste 
nealing are threefold. (a) Refinement of grain size and structur 
Softening of the metal for purposes of machining or to undo hard 
effects produced by previous operations. (c) Relieving of casting \ 
ing strains. 

The operation of annealing may be divided into two distinct steps; 1™ 
heating through some predetermined range of temperature to a certain Mm 
mum and hold at the maximum for a predetermined length of time; seo! 
slow cooling, generally conducted in the furnace. 
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i, is the purpose of this paper to discuss and illustrate just what goes 
1 while the steel is going through the heating operation, from a physical 
4ructural point of view and what final results are obtained after the cool- 
‘ng operation under different conditions which may obtain during the heating 
stage. 

In order that the photomicrographs which have been prepared may be 
thoroughly understood, it will be necessary to discuss very shortly the theory 
of heating for annealing. 

When a piece of hypoeutectoid steel is slowly heated, no physical changes 
f any importance take place until the lower critical point (Ac,) at about 

) 193) degrees Fahr. is reached. At this point two very important events 
honor, R, \ ippen. The pearlitic areas change over into austenite and also free ferrite 
S$ a most j begins to be absorbed by the austenite. 

showing As the temperature is gradually raised above the Ac, point but below the 

the nationa \e; point more and more ferrite is absorbed until at about 1550 degrees 
He deserily Wahr. (in the ease of the particular steel, of which slides will be shown) 
he possibilit the absorption of ferrite is completed and the steel is found to consist of 


ying interest only one material, that is, austenite. This austenite has, of course, a car- 
ucation. bh 


on content equal to that of the steel as a whole and does not contain! 0.9 
cent carbon, as was the case of the austenite areas formed from the 
pearlite at a temperature just over the lower critical range. 
rs and at tl Two series of photomicrographs were shown. In the first series the steel 
lual members ontains 0.46 per cent manganese and in the second series the steel has nearly 
deeply grat the same carbon content but the manganese is 0.60 per cent. In both series, 


gy, Walch js ner 


inch eubes cf steel were heated to various temperatures, starting at 13500 
se thought# legrees Fahr. and quenched in cold water. Both steels contained about 20 
f the societ per cent carbon. 


us all, 


In the case of the steel containing 0.60 per cent manganese no change 
n the pers in structure occurs in quenching from 1300 degrees Fahr. The Ac, of the 
feel Company steel was determined as 1330 degrees Fahr. The pearlite areas still re- 
iversity. Dr mained pearlitic. On quenching from 1350 degrees Fahr. it was found that 
¢ Mechanis the pearlite areas had partly changed to austenite (martensite retained in 
remely inter jwenched specimen). Careful examination showed that, in some cases, indi- 
€ past yeal vidual grains of pearlite were only partly changed, some were completely 
and, althoug converted to austenite (martensite) and others were unaffected. Ferrite 
the pape areas remained unchanged as the steel was quenched from higher tempera- 
tures, the areas occupied by martensite were found to be larger and larger, 
with a corresponding decrease in the remaining ferrite. When 1550 degrees 
Fahr. was reached no free ferrite remained. The steel as quench was com 
pletely martensite and fine-grained. In this particular steel, although care 


£0) 


the stee 
ucture 
lo hard 


ting 


analysis showed no alloy to be present, extraordinary hardness was de- 
veloped in the completely martensitic state. The specimen quenched from 
1550 gave a Brinell hardness number of over 600. 


. Referring to the series of specimens from the steel containing 0.46 per 
fret 


L steps: ne , os ° ° 
i nt manganese a similar mechanism was found to occur except that a com- 


pletely martensitic state could not be produced at the higher quench tempera- 

ime; seco! tyr F , : . 

vim ires and some ferrite was apparently unabsorbed. The hardness developed 
was much less than in the previous case. 


eertain max 
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The influence of the presence of prematurely precipitated f, 


rounding inclusions of manganese sulphide was _ illustrated 
in regard to its bearing on the complete refinement of steel. 
The quenched cube specimens from the 0.60 per cent manga 

were replaced in the furnace at a temperature equivalent to that fr 
they were quenched and then furnace cooled. A series of photogra 
shown of these annealed specimens. These illustrations showed tha 
plete grain refinement could only be obtained if the first heating ten 
had been high enough to bring about complete absorption of fer 


and 


also showed the coarsening of grain size which occurred when th: 
heating was carried to a point over that sufficient to bring about 
absorption of free ferrite. 

The meeting closed with a vote of appreciation of Mr. Bird’s py 
and of thanks to Dr. Crook for his most illuminating talk. There fo! 
quite a. long informal discussion with both the speakers and it was 1] 


before the rooms were finally cleared. D. Hanson G 


INDIANAPOLIS CHAPTER 


On Monday evening, March 22, hundreds of followers of th 
Treaters’’ who were unable to attend the monthly meeting of t! 
chapter were privileged to ‘‘listen in’’ from their home, as a 
esting program was broadcasted over radio station WFBM (268 meters 
direct from the meeting, which was held at the auditorium of the Y. M. (. \ 
Most favorable reports bave since been received, indicating that tli 
were unable to attend did take advantage of the radio. 

R. M. Bird, our national president, in his talk, ‘‘Steel Brought 


( 


Hlome,’’ gave the radio audience, as well as the members and gu 
ent, an innumerable list of reasons why practically every one shou 
interested in the development of steel, because of its wide use in every 
and the dependence of humanity upon that single metal. W. H. Fisenmai 


and invisible, a brief outline of the ‘‘ Romance of Steel’’ from the tim 


our national secretary, in his speech broadcasted gave the audience, 


Adam and Eve, down to the present, and emphasized the great part 
this organization has played in the wonderful progress of steel making a! 
the science of steel treating. 

An elaborate musical program, furnished by various members of the loca 
chapter, completed the radio program. 

Mr. F. R. Palmer, metallurgist for the Carpenter Steel Co. of Reading 
Pa., presented a highly educational, informal talk on ‘‘Giving Steel 
Chance,’’ emphasizing many fundamental principles which the average 
handling steel little thought of, but which are most essential to the su 
ful, as well as economical, use of tool steels, etc. A very heated dis 
followed and continued until a very late hour. 

A special chicken dinner, attended by more than 150 members and 


sis 
l l¢ 


preceded the program and technical address. Many out-of-town guests 
present and several new members were added to our roster. C. H. Beach. 
On Monday evening, April 12, the members of the local chapte! 


their guests spent a most enjoyable evening at the Auditorium of the \ 
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\.. attending the dinner and regular monthly meeting of the local chapter. 


ios «¢students’’ of the steel industry, Messrs. Durbin and Fristoe presented 


eral snappy musical selections, 
John FF. Keller, steel specialist of The Purdue University of 
Mavette, Indiana, put forth special effort toward inducing the steel worker 
that a little 

ught along the correct lines would pay wonderful dividends for the man 
mself as well as his employer. 


proper thought in working out his steel problems claiming 


His lecture was fully illustrated with lantern 
slides very appropriately selected, to fit in with his subject ‘‘ Why Steel Warps 
nd Cracks. ’’ 

Harry B. Northrup, of the J. W. Kelly Company of Cleveland, Ohio, 
ea most interesting shop talk covering practically every subject of interest 


the man in the ‘*Shop’”’ and at the ‘‘Fire.’’ Details of shop equipment, 


ding furnaces, pyrometers, heating pots, and others, were given full con 


leration, and most of the men went back to their jobs with many new 


Many ‘‘Shop Kinks’’ in heating steel were presented. 


Long discussions by many of those present were continued until the hour 


C. H. Beach. 


ume late and the meeting was adjourned. 


NEW YORK CHAPTER 
The April meeting of the New York Chapter of the American Society 
Steel Treating was held on April 21 in the Merchants’ Association assem 
bly rooms, Woolworth Building, New York. Messrs. W. P. Kirk and A. H. 


‘Arcambal of Pratt and Whitney Company, Hartford, Conn., addressed the 
ipter on the subject, ‘‘ Alloy Steels in Machine Tools.’’ 
Since the fiscal year of the chapter is coming to a close, J. O. Rinek, 
the present chairman of the New York Chapter, called on the nominating 


ommittee, consisting of Messrs. L. R. Seidell, chairman, EK. E. Thum and A. 
every home 


— Hart, to give their report on nominations for the ensuing year. 
. “isenma! 


They reported 
tlat the officers nominated were as follows: 
lence, visil 


Alt ol Chairman Ancel St. John 
l¢ f 


: part » Vice-Chairman Charles McKnight 


Secretary-Treasurer T. N. Holden 
making al . 
Executive Committee 
QO. Rinek Kk. C. Bain 


P. Gaffney Charles Von Schlutter 
L. Johnston J.J 
ing Steel 4 Foe 


of Reading . Crowe 
Lueas 


average mal lr. Kirk delivered a very interesting talk on construction and design of various 
) the su ‘ypes of machines. By means of lantern slides he showed the vast improve 
ed discus nent made by the machine manufacturers in the design of machinery, and 
vinted out that this was mainly possible through the use of alloy steels. It 


Ss and gu vas Very interesting to note the great reduction in weight possible in gear 


guests wert 
H. Beach. This comparison was made on various 
chapter ypes of machines, such as lathes, grinders, planers and shapers. 
» 2 » | 
of the \ 


onstruction, due to replacement of cast iron and cast steel gears with forged 
and heat treated alloy steel gears. 
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Mr. d’Arcambal then delivered a talk covering the subject 
metallurgical standpoint. His talk was very interesting, since h 
outlined the types of steels used in various applications, but gay 
treatments applied and the resulting properties obtained. The i: 
given by Mr. d’Arcambal was greatly appreciated by the membe: 


since some of it in the past has been treated by the tool and machin 
facturers as a trade secret and not divulged to the general public. 

Unquestionably, those attending found the time devoted to this 
well spent and are undoubtedly looking forward to another simila: 
that Messrs. Kirk and d’Areambal can give to this chapter. 

The meeting was well attended, there being about one hundred 
present. 

A lively discussion followed the address of both speakers, 

John F. Myx 
NORTHWEST CHAPTER 


The April meeting of the Northwest Chapter was held at the Man 
turers’ Association, Wednesday evening, April 21. €. P. Richter of 
Central Steel Company presented a paper on the Selection and Use of A 


Steels. He discussed the properties of nickel, chromium, manganese, moly! 


denum, vanadium, silicon alloy steels, as well as nickel-chromium, elrom 


vanadium, nickel-molybdenum, chromium-manganese-silicon, giving the ty 


of work for which each is best fitted. 
In selecting the steel for any particular work the condition under whic! 


it is to be used has to be considered. However, in order to bring 


oul 
properties of a steel, proper heat treating equipment is necessary and 
a great many cases the basis for recommending an alloy steel depends 
the equipment the plant has at its disposal for heat treating. 

Mr. Richter also brought out the fact that at present physical testin 
and chemical analysis no longer are the only factors to be considered 
determining whether a steel is in the proper condition to give the best ser 
ice. Microscopic analysis is becoming just as important and in many cases 
more so than the other tests. Thus in carburizing steels the chemical analy 
sis may be correct and still the steel will give poor results. In another cas 
the hardness of the steel may be as required and yet the steel will fail in 
service. Microscopic examination of these types of failures showed that thi 
grains of martensite were surrounded by troostite and the fracture occurred 
in this network of softer material. 

After the presentation of the paper there was a good discussion, sho\ 
ing the interest the members had in the material that was presented. 

Dr. O. E. Harder gave a report of the meeting of the executive commit 
tee with President R. M. Bird and Secretary W. H. Eisenman. The fut 
policies of the society were presented as well as a brief report on the p! 
activities. L. J. Wel 

PHILADELPHIA CHAPTER 

The regular monthly meeting of the Philadelphia Chapter was held at tl 
Engineers’ Club on April 23, preceded by the usual dinner, which everyo! 
enjoyed. 
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the first paper of the evening was presented by Charles I. Hammond, 


st of the Winchester Repeating Arms Company. Mr, Hammond hac 


nis subject ‘The Metallurgy of Small Arms Manufacture.’’ This ex 


nt paper was augmented by movies, 
fhe second paper of the evening was presented by T. Y, Olsen, vice-prest 
md treasurer of Tinius Olsen Testing Machine Company. His subject 
recent Advances in Steel Testing Apparatus’’. Mr, Olsen’s pape! 
presented and of especial interest. 
Both papers elicited some lively discussion, 
rhe last Spring meeting is scheduled for May 28, when the chapter mem 


s are to be guests of the Midvale Company during the afternoon and it 


er. The regular business meeting, with election of officers for the coming 


+ js scheduled for the evening. 1. kh. Donovan, 


PITTSBURGH CHAPTER 
[he Pittsurgh chapter held its regular May meeting on the evening of 
jth in the auditorium of the U, S. Bureau of Mines Building. 
Vice chairman John N. Ludwig, Jr., ealled the meeting to order in 
bsenee of chairman W. H. Phillips and conducted a short business 
\s this meeting had been appointed as the annual ‘Shop Kinks’ 
ting, Mr. Ludwig, upon the completion of the chapter’s business, turned 
inder which e chair over to W. J. Merten under whose leadership the discussions of 
ng out tl e evening were condueted, 
ary and ij Dr. V. N. Krivobok submitted the question of how to eliminate the 
depends on uded appearance, as though cold worked, from a hot worked steel of 
7 per cent carbon, 2.56 per cent manganese and 0,025 per cent phosphorus 
ical testin: hich had been annealed as high as 1700 degrees Kahr. without attaining 
nsidered in the desired result, It was suggested to raise the annealing temperature, 
best serv this discussion of banded structures, an interesting practical experience 
manv cases isgiven, In testing thin blades which were attached to a revolving head 
skeas anal\ n a wood-working tool and which revolved at a very high rate of speed, 
nother sli t was noticed that the blades which contained the banded structure would 
will fail in t retain a keen edge consistently on successive grindings, This irregu 
ad that th wity was attributed to the impossibility of uniformly hardening the 
re occurred inded area, 
Mr. Ihsen of the Westinghouse Eleetrie and Manufacturing Company 


sion, show en told of his experience in testing retainer rings and discussed the differ 

ted. e between the forged and rolled rings, 
‘ve commit James P. Gill of the Vanadium Alloys Steel Company was called upon 
The futur to describe the best treatment for 14 per cent chromium and 2 per cent 
the present irbon steel used as die and punch steel. He advised a hardening tempera 
W eber. ture of 1650-1750 degrees Fahr. though it could be taken higher with ear: 
(necessary, After hardening, the steel could be tempered up to 500 degrees 


held at ir, without loosing its hardness. In heating this steel he recommended 
wid a 


it be packed to prevent surface oxidation in the furnace, in a dis- 
1 everyol 


of hardness testing, it was stated that two hardened pieces of 


a high earbon and the other a high speed, both having the 
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same Brinell hardness number, might vary considerably under th 
scope Test owing to the tendency of the high carbon steel to reta 


what softer core, whereas, the high speed would be hard throug 
less elastic. 


David Giles of the Latrobe Electric Steel Company gave a, 
tion of the proper heat treatment for stainless steel for cutlery us 
A. M. Cox of the Pittsburgh Commercial Heat Treating Compa: 
recommendations to prevent decarburization during the hardening 


springs. 


O. B. MeMillen of the Pittsburgh Rolls Corporation told of 


i Lie Ny 














provement in the quality of the rolls of today giving comparative to) 
rolled per dressing today with those of twenty years ago. 

Mr. Corson and Mr. George of the Edgewater Steel Company ex») 
the action of a new spring which has been designed to take the 
helical springs for very heavy loads. 

The chapter was pleased to welcome Mr. Gordon St. G. Spro 
Montreal who told of the formation of the new American Society for st, 
Treating Group at Montreal. Harry A. Neeb, J; 


ROCKFORD CHAPTER 

The April meeting of the Rockford chapter was held at the Nels 
House Wednesday the 21st. After the usual supper and short forn 
business meeting, the speaker of the evening, John Nelson of Barber, ( 
man Company, was introduced by O. T. Muehlemeyer, the chairman o 
Program Committee. 










Olt 


Mr. Nelson spoke on the subject of ‘‘Keeping Track of Steel’’ 


very close attention was accorded him for there are none among 





\“ 
us W 





have not suffered more or less because some piece of steel has entire! 
lost its identity. The paper went into detail on methods of properly mark 
ing the bars as they are received and later handling the pieces made from 
the bars in such a manner as to reduce to a minimum any chance of thes 
pieces becoming lost, wrongly marked or having pieces of other graces 
steel mixed with them. 










The discussion following the paper was very general and showed that 
the audience had paid close attention and desired more light on particu 
phases of the subject. R. M. 


Smith 








SPRINGFIELD CHAPTER 


The monthly meeting of the Springfield Chapter of the American Societ) 
for Steel Treating took place in the rooms of the Chamber of Commerce, 
April 6, 1926. Instead of presenting a paper on a definite subject, the off 
cers of the chapter decided to devote this meeting to a round table discus 
sion of any topic pertaining to the treatment of steel which would be 0! 
interest to the members. It was felt that a sufficient number of problems 
of local character exist to make this meeting interesting and profitabl 

its members. The item selected for discussion was ‘‘Cyanide Hardening 
Practice for Small Commercial Steel Parts’’ The problems of proper clea! 
ing and preparing the parts previous to the process of cyanide hardening, th 
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pproved methods of the process, as well as various ways of finishing the 
ranide hardened parts, for instance, by means of parkerizing, were discussed 
' length. 

As the members of the chapter were not entirely prepared for a thorough 
‘eyssion of the cyanide hardening problem, and due to the interest that 
rag shown at the meeting, it was decided to take up this same question at 


the next meeting in May. Several members of the chapter were requested 


prepare cyanide hardened specimens treated under various conditions with 


spect to the time, the temperature and the nature of the compound, and 


I 
bmit a report of their findings at the next meeting. 


In the absence of the chairman of the chapter, the discussion was di 
ted by R. J. Allen. N. A. Glaskowsky. 


SYRACUSE CHAPTER 


The April meeting of the Syracuse Chapter of the American Society for 
steel Treating was held in the Onondaga Hotel on the evening of April 12, 
t which time A. J. Porter, Jr., sales manager of the Heppenstall Forge 
ompany at Bridgeport, Connecticut, addressed the chapter on the ‘‘ Manu- 
ture and Heat Treatment of Die Blocks.’’ 

The speaker started his address by showing motion pictures taken at 
the Pittsburgh plant of the Heppenstall Forge and Knife Company, which 
showed the melting, casting and forging of die block steel and, although 
we were only able to see about half of the three reels because of the projec- 
tion lantern breaking down, we secured a very good idea of the Heppenstall 
practice. 

Mr. Porter then proceeded to give a short history of the die block busi 
ness, tracing it from the beginning, when high carbon crucible tool steel 
blocks were used exclusively, up to the present time, when heat treated alloy 
steel die blocks have been introduced. He then went into the manufacture 
of die blocks and told the reasons why the Heppenstall Company use presses, 
nstead of hammers, for the working of the blocks. The method of working 
onsists of forging the ingot to a billet, which is then cut off a little longer 
than the dimensions desired in the die block, and is upset under that dimen- 
ion and then drawn back to the size specified on the order. In this way the 
blocks are worked through to the center. 

Mr. Porter then went into the merits of heat treated die blocks, as com- 
pared with the die block bought in the annealed condition. Although the heat 
treated die block is harder and, therefore, more difficult to sink an impres- 
sion, he stated that the hazard of cracking in hardening and scaling was elim- 
inated and, furthermore, that the production on the heat treated die block 
was greater than that of the annealed block, which was heat treated by the 
istomer. He went into proper heat treatment and methods of drawing dic 
blocks and also the benefits of using heat treated shoes on the drop hammer. 

This address by Mr. Porter was very well received and brought forth a 
engthy discussion on design and heat treatment. He was given an enthusiastic 
‘ote of thanks by the chapter. W. R. Frazer. 
On the evening of May 10, a large number of the niembers of the Syra- 
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euse Chapter met for the annual meeting at Uhrig’s and ate, dran! 
merry, as good fellows will when they get together. 

Eugene Bock, retiring chairman of the membership committ: 
that during the year the membership of the chapter had heen incre: 
thirty-five per cent. 

Joe Driscoll, retiring secretary-treasurer, reported that th 
the chapter were in first-rate condition. 

Frank Wheeler, retiring chairman, announced the selecti 


































nominating committee for officers for the coming year. The men 
elected by unanimous vote. They are 
Chairman—Walter Bolton, Brown Lipe Chapin, General Motors 
Vice-Chairman—W. R. Frazer, Haleomb Steel Company 


Secretary-Treasurer—S. P. Peskowitz, Haleomb Steel Compan 





Directors 





Frank Wheeler—Kinman & Wheeler 
L. M. Fenner—H. H. Franklin Mfg. Company 

C. W. Smith—Oneida Community Ltd. 

Wm. Bastion—Brown Lipe Gear Company 

’, P. Cannon—Cannon Stein Steel Corp. P. Pes 


TRI-CITY CHAPTER 
The joint dinner meeting of the Tri-City Chapter of the American % 
ciety for Steel Treating and the Quad City Foundrymen’s Association 





held on Thursday evening, May 20, in the Gold Room of the Blackha 
Hotel, Davenport. There were about one hundred members and guests present 
at this meeting. 


Se 


R. W. Freeland, works manager of the Hubbard Steel Foundry ( 
East Chicago, Ind., addressed the joint meeting on the subject of ‘‘St 


wets 


Castings.’’ Mr. Freeland’s address comprised a general discussion of 
general manufacture of steel castings reviewing the major facts with refe 


ence to this important industry. The speaker pointed out the fact that 
tonnage capacity of the steel castings foundries of the United States was about 
one million tons per year, while the operating production of these foundries 
during the period since the war had averaged from sixty to seventy-five 
eent of capacity. The greater portion of Mr. Freeland’s talk covered the su! 
ject of foundry costs and management, in which fields Mr. Freeland is on 
the outstanding figures in the steel foundry business. 

The speaker stated that in his opinion the four basic divisions of efficient 
management control were as follows: 

1. An efficient, yet not over costly, production department reporting 
directly to foundry manager. 

2. Efficient inspection department reporting to foundry manage! 

3. Apprentice training for the development of competent craftsmen 
foremen. 

4. Costs. ; 

It was pointed out that the preparation of detailed costs sheets a1 


| 


+ + 





ports was a very important and fine piece of work, but more importan 
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the necessity of presenting the cost sheet facts to the department 
ads that spend the money. By doing this the foremen will learn to know 
n costs and will have a more intelligent viewpoint of the business of 
ir department, which will enable them to lower their departmental costs. 
\ir. Freeland pointed out that one of the greatest causes of heavy serap 
osses was due to the poor engineering design of pattern equipment. It was 
vated that if the engineers and draftsmen had a greater knowledge of some 


the problems of the foundrymen in overcoming difficulties of change of 
ection, elimination of shrinkage, etc., scrap losses could be held at a minimum 


The discussion which followed Mr. Freeland’s excellent paper substantiated 
fact that the men present were very much interested in the presentation. 
Stanley Brah, assistant director, apprenticeship training, Tri-City Manu 
turer’s Association, Moline, Ill., gave a short talk on the association’s 
in for a Tri-City apprenticeship training program which is being set up for 
the purpose of training craftsmen and future foremen for the factories 
the Tri-City manufacturing district. 
Louis Graham, an apprentice graduate of the Milwaukee apprenticeship 
s‘hool, gave a short but spirited testimonial of the value to be derived by the 
prentice from a properly operated training school. C. H. Burgston. 


WASHINGTON-BALTIMORE CHAPTER 
On the evening of April 23, for the first time in a periol cf several 
years, a chapter meeting of the A. S. S. T. was held in Baltimore. The 
ation was recent rapid recovery of the industrial situation in that city has again 
slackhaw wakened interest in metallurgical problems and it was, therefore, decided 
present to hold a meeting in Baltimore and to repeat the occurrence as often as 
the interest shown by Baltimore members would warrant. The chapter was 
ry \0., ¢ fortunate in being able to have both Mr. Bird and Mr. Eisenman present 
3 it this meeting. It is also pertinent to record that the efforts of Emil Gath 
m of the mann and other members of the Baltimore Chapter were largely responsible 
ith rete for the suecess of the meeting. 
Following a dinner at the Emerson Hotel, at which Mr. Gathmann was 
host, the meeting was opened in the rooms of the Engineers’ Club of Bal 


t that the 


was about 


foundries timore; this organization had tendered its assistance and cooperation in 
ty-five pel carrying out all arrangements. Following a brief welcome by a member 
d the sul of the executive committee of the Engineer’s Club, chairman McKinney in- 
troduced Mr. Bird as the first speaker of the evening. Mr. Bird reviewed 
tl 


he rapid growth of the society, the basic relationship upon which this growth 


| is one of 


of efficien had developed, and then discussed in a general way the materials engi- 


neering features associated with every day heat treatment problems. 

Mr. MeKinney next introduced H. J. French, who gave an excellent 
utline of the problems confronting the steel treater, under the title of ‘‘The 
nager \pplication of Heat Treated Steels to Industrial Uses.’’ Mr. French de- 


reporting 


tsmen an scribed the important factors affecting the behavior of steels in respect to 
performance both in service and in preparation in the shop for service as 
1—Quality 
7h 6 
TS and 


2—Composition 
8—Heat Treatment 


+) 1 


rtant 
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Further subdivision of the third factor was made into the temp: 
which cooling occurs; the time at that temperature and the 
cooling. 

Quality is a general term applied to all those properties 
from influences other than those included in headings 2 and 
affect the performance of any steel. Quality is not subject to « 
treatment as are the other factors. Furthermore, that quality wl 
sirable in steel for one purpose is not necessarily best suited t: 
other purposes. Among the properties which affect the quality o{ 
are included the size, nature and distribution of metallic and n 
components, segregation, amount of working in forging or rolli) 
perature of working, ete. As a specific example of the effect of 
ity, Mr. French showed photographs and macro- and microstru 
crankshaft, in which failure had been caused by a combination o{ 
and inadequate mechanical work. It was pointed out, however, that in ) 
eases the causes of difficulties resulting in failure were not so easily tr 
In one instance two groups of spring steel of identical composition, 
as the elements usually analyzed for were concerned, one made by tly 
hearth process and the other in the electric furnace, required appr 
ferent heat treatment for the development of identical physical prop 
the reason for this peculiarity was not clear but in every instance t 


pering temperature for the open-hearth material was higher than fo 


electric furnace product. Another instance cited was the great differences 


g 
in performance on heavy-duty cutting, of high speed steel lathe tools ma 
from different lots having almost identical composition. Reference was 
made to the differences in the results obtained when case-hardening arti 
of ‘‘normal’’ and ‘‘abnormal’’ steels; it has been shown in this work t! 
the details of the steel-making operation have a very important bearing 
the occurrence of the soft spots which are so prevalent in the ‘‘abnorma 
steels. 

In considering composition, Mr. French mentioned the carbon and 
ple alloy structural steels, the use of tungsten and chromium in too! 


magnet steels, of silicon in transformer steels and cobalt in magnet ste 





In order to better describe the use of these and other elements, a series | 


illustrations was given. Assuming a case-hardened gear to be failing 


crushing in service, it was explained that raising the carbon content of t! 
raw material would increase the hardness of the core and furnish a stronge! 


backing for the case but that brittleness would ensue. Alloy additions 
such instances were helpful and nickel possessed the advantage of lower 


the required quenching temperature, thereby reducing scaling and distortio 


thus aiding manufacture as well as performance in service. In the cas 
forming dies containing about 0.60 per cent carbon, 1.75 per cent m 


and 0.75 per cent chromium, failure had been observed, resulting from tr 


cracking. Increase in chromium or in nickel or both was not effective, | 
the addition of molybdenum, which increases the tempering temperature 


which softening occurs, was productive of the desired increased life. Met 


tion was also made of high-strength parts of such form that machining 


ryt 


? 


kg 
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_— -equired after heat treatment and in this connection u chart was shown, 
ner af ‘ving the relationship between tensile strength and tool endurance under 
i ere cutting conditions for a number of good structural alloy steels. It 
ean) vas shown that the order of tool life in a group of steels of equal tensile 
1 t strength might vary greatly according to the specific tensile strength se 
quantitatin lected. Thus, the difference in machinability of alloy steels when translated 
vhich is a& nto production may be of great economic importance. 
O steels for In discussing the effect of heat treatment Mr. French remarked that 
yf any ste there were frequent occurrences of highly stressed structural members giv 
non-meta ing trouble by deforming and that it was often possible, due to the great 
olling, ten variation in elastie limit for a given tensile strength according to the heat 
poor qua treatment used, to solve such problems merely by heat treatment modifica- 
icture of tion without change of material. A further instance of the importance of 
Of porosity eat treatment is found in the pronounced effect of both time at high-heat 
lat Im mar temperature and of the high-heat temperature itself upon the results obtained 
asily trac from high speed steel lathe tools. There are here, of course, other factors 
‘ion, insofar to be considered, for a balance must be secured between performance, brit 
ry the oper tleness as affected by hardening temperature, oxidation of tools, and, de 
reciably dif terioration of furnace equipment. 
properties In considering the effect of the manner of cooling, the work of R. H. 
ice the ter Smith upon the low carbon steels was described, pointing out the fact that 
han for th tensile strengths of 100,000 pounds per square inch and over had been se 
t differences cured by quenching 0.08 to 0.12 per cent carbon steels in water under high 
tools mad ressure. It was shown that close to 70,000 pounds per square inch tensile 
ce was als strength could be secured from ingot iron in this manner. Referring again 
ning articles to troubles with ease-hardening steels, Mr. French stated that increasing the 
is work that severity of the quench (in the case of steels which, upon quenching in tap 
Nearing upor water, would show many soft spots) by quenching in 10 per cent brine, 


‘abnorma ould result in a surface almost free from soft spots. The influence of mass 
heat treatment was well illustrated by figures for a 0.45 carbon steel in 
on and sil sizes from }%-inch diameter to 3 inches diameter when quenched from 1600 


i vol and . ° : ; ‘ , : 
in Wl degrees ahr. into water and into oil. When using the former medium, the 


nf eT see] + > ‘ , - » © 
agn ensile strength ranged from 269,000 down to 116,000 pounds per square inch 
» oa at the center, whereas with the latter medium the range was only 130,000 
e failing by 
ntent of tl 
h a stronge treatment of dies by pressure quenching, selection of material for air-harden 


additions 1 ing rivets and for rivets to resist corrosion, the relation between the method 


to 110,000 pounds per square inch. 
in the discussion many problems were considered, among them the heat 


of lowering of heat treatment of carbon steels and their hardness, micro-structure and 


distortion. , : ; . . ‘ . > . ° 2 
id distort resistance to wear, variation in the performance of high speed steel of dif- 


| the case ferent compositions, due to variation in heat treatment and the effect of size, 


— nature and distribution of non-metallic inclusions upon various types of 
ng from fir 
effective, but 


mperature 


ife. Mer se , : : 
1 life. speakers and of local discussions to the members of each chapter. He re 


achining was ferre 


steels. 
ollowing the discussion, Mr. Eisenman discoursed upon the financial 


and technical strength of the society and the value of contact with outside 


' to the nature of the general and sectional meetings, their value to 


Y* Ay PRS 
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the individual and the increase in their scope which has occurred dur; 









years. Reference was also made to the activity of the various nat 
mittees, particularly the work of the Recommended Practice Commi 
the success that had attended its efforts. A description was als 
the service to the membership through the medium of TRANSAcTIo) 
Data Sheets and a cordial invitation extended to all those who we: 
who desired to be of service to the Society and in return have t 
of service to them, to become affiliated with it. Jerome S 































FORT WAYNE GROUP 





Professor John F. Keller, steel specialist from the engineering 
department at Purdue University, explained in a practical way many 
connected with the treating of steel before a dinner meeting of the Fort Way, 
group of the American Society for Steel Treating held at the Y. M. (. 4 
April 28. 

Besides the talk by Professor Keller, whose subject was ‘‘ What Makes 
Steel Warp and Crack,’’ there was a short address by F. C. Smith, chiet 
at the local plant of the International Harvester company, who spoke on ‘‘' 
Most Common Forms of Microstructure.’’ Both of the speakers told of 1 
practical methods in the treating of steel and following the talks an 
forum was held. 

At a short business session which immediately followed the dinner, I. | 
Smith was elected secretary-treasurer of the Fort Wayne group. li 
ceeds A. L. Cramp, who was named temporary secretary when the grou 
organized a few months ago. 

A nominating committee to select candidates for office was appointed a 
is composed of J. A. Hanson, Charles Grimes and D, A. Conroy. An auiiti: 
committee was also appointed, this comprising J. H. Clark, H. B. Carson an 
l.. J. Webster. Election of officers will probably be held at the next meeting 
which is*scheduled for the latter part of May. Some prominent metallurgist 
will be invited to address the group at that time on ‘‘ Tool Steels.’’ 

Four new members were taken in last night and more than 80) 
were present. G. E. Tibbets, temporary chairman, presided. 





THE DUROMETER—AN INSTRUMENT FOR TESTING HARDNESS 


(Continued from Page 932) 





steels contained 0.10, 0.30, and 0.80 per cent carbon. 
tested in the following condition: (1) as received; (2) annealed 
(3) normalized; (4) quenched; (5) quenched and drawn. 

It will be noted that the steel containing 0.30 per cent carol 
is slightly harder after quenching than the sample containing U.>! 
per cent carbon. This is undoubtedly due to its having bee! 
quenched in water while the 0.80 per cent carbon steel was quenched 
in oil. Its Brinell hardness was 444 and that of the eutectoid ste! 
363. 


They were 
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NEW MEMBERS OF THE SOCIETY 


pLANATION OF ABBREVIATIONS. M represents Member; A _ represents Asso 
Member; S_ represents Sustaining Member; J represents Junior Member; 
represents Subscribing Member. The figure following the letter shows 

ionth in which the membership became effective. 


(New Member List Continued from May Transactions) 
EK. M.,, Jr., (J-3), student, University of Cincinnati; mail 1717 Central 

\ve., Ashland, Ky. 

Hara, T. C., (M-1), forgesmith, Naval Aireraft Factory; mail 1616 Summer 

St., Philadelphia. 

‘Xeerre, P. O., (M-4), foreman, heat treat, Russell, Burdsall & Ward Bolt 

ind Nut Co.; mail 245 Locust Ave., Port Chester, N. Y. 
eRDONK, W. N., (M-4), assistant superintendent drill department, Ingersoll 
Rand Co.; mail 627 Lafayette St., Easton, Pa. 

GAMETALL, (Sb-1), Lutsehnokov 4, Moscow, United Socialist Soviet Re 
publies. 

R. J., (M-4), superintendent, Thomas & Skinner Steel Produets | 
ail 425 Harmon St., Indianapolis. 

KER, W. B., (M2), ehief chemist, British Thomson Houston Co. Ltd., 
Rugby, Warwickshire, England. 

ERSEN, P. O., (M-4), sales manager, The Linograph Co., Davenport, Iowa. 
cop, W. W., (M-4), metallurgist, International Harvester Co.; mail 776 
i9th St., Milwaukee. 
erson, A. H., (M-4), treasurer and manager, Peterson Spring Co.; mail 
1660 Beard St., Detroit. 

“ence, F. H., (M-2), chief draftsman, Dvyeast Steel Co., Collinsville, Conn, 
vers, Epwarp, (.J-4), student, Drexel Institute; mail 1817 Gladstone St., 
Philadelphia. 
. P. E., (M-4), master mechanic, H. K. Mulford Co.; mail 1544 8, 53rd 
St., Philadelphia. 
HILADELPHIA ELEecTrRIC Co., (S-11), C. Russell, industrial heating engineer, 

Philadelphia, 

NELL, C. G., (M-3), inspector, metallurgical department, Carnegie Steel 
Co., 571 Frick Annex Bldg., Pittsburgh. 

J. W., Jr., (M-3), metallurgist assistant, Crucible Steel Company of 
\merica; mail 22 Duncan Ave., Jersey City, N. J. 

IsLey, W. A., (J-4), student, laboratory assistant, Ingersoll-Rand Co.; 
nail Y. M. C. A., Easton, Pa. 

MENSNYDER, G. W., (A-4), salesman, Colonial Steel Co.; mail 18 Perryview 
Ave., Pittsburgh. 

HENFREW, Pau, (M-4), chief draftsman, 8. I’. Bowser & Co., It. Wayne, Lnd. 

REYNOLDS, H. W., (M-4), district representative and manufacturers agent; 
mail 634 St. Clair Ave., Cleveland. 

RICHARDS, JAMES, (M-4), production foreman, International Harvester o.; 
mal 1326 Lynn Ave., Ft. Wayne, Ind. 

Ripkour, W. B., (M-3), steel treater, E. W. Bliss Co.; mail 80-19th, Jackson 
eights, Long Island, N. Y 
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RopGers, J. J., (M-4), superintendent, International Harvester Co., | 
Ind. 


RoGers, F. P., (M-1), treasurer, Rogers Drop Forging Co., Rochdale, \ 














RutuH, C. L., (M-3), assistant superintendent, The Carpenter Steel (; 
Pa, 

SANDBERG, R. M., (M-4), executive department, Columbia Too! 
Chicago Heights, Ill. 

SANDERSON, E. P. Co., (S-4), R. H. Sanderson, treasurer ; 
Boston. 

ScHAUM, CARL, (M-3), engineer, Fletcher Works, 2nd & Glenwood A 
delphia. 

















mau P.O 














Scueip, A. J., Jr., (M-4), metallurgist, Columbia Tool Steel Co 
Vincennes Ave., Chicago Heights, Ill. 














Scuuts, F. A., (M-12), laboratory assistant, United Alloy Steel (\ 
Y. M. ©, A., Canton, Ohio. 
Suutrr, W. H., (M-4), melter, American Chain Co.; mail 315 Yor! 


od de Th st 




















over Pa. 

SMITH, H. M., (M-3), chief metallurgist, Wyckoff Drawn Steel Co., Am)! 
Pa. 

Scott, C. R., (M-4), president, Gill Screw Associates, Inc., Westboro, 

ScHRENK, H. W., (A-4), salesman, The Bourne Fuller Co., 1614 Hann: 
Cleveland. 





























Suirk, B. H., (A-1), salesman and metallurgist, United Alloys Stee! 
Canton, Ohio. 








SonHNER, E. H., (M-4), assistant superintendent, International Harv 
mail 922 Wildwood Ave., W., Ft. Wayne, Ind. 
Spirz, J. C., (M-3), superintendent of machine department, Steche 


‘ 


yraphie Co.; mal 274 N, Goodman t., Rochester, N. Y. 
£ , 


, 


STatz, F. 




















A., (M-4), chief inspector, International Harvester Co.; 7 
Division St., Ft. Wayne, Ind. 

Srreer, A. FE., (A-2), salesman, Thos. Firth & Sons, Ltd.; mail G. P. ( 
627, Toronto, Ontario. 

STEPHENSON, W. B., (M-4), heat treat department, Detroit Gear & 
Co.; mail 4604 12th St., Apt. 2, Florian Apts., Detroit. 

STEVENS, D. A., (M-3), shop foreman, Monticello Oil Co., Fillmore, Calif 












































mail 303 Brackenridge Ave., Brackenridge, Pa. 





Srraus, H. E., (M-4), general foreman assembly, International |] 
Co.; mail 801 Pasadena Dr., Ft. Wayne, Ind. 

















Co.; mail 2509 Central Ave., Middletown, Ohio. 











425 Harmon 8t., Indianapolis. 
THOMPSON, JOHN, (M-4), foreman blacksmith, Philadelphia Electric ( 
1943 S. 57th St., Philadelphia. 

















E. Pontiac St., Ft. Wayne, Ind. 
TrRACEY, FLercHEeR, (M-4), foreman in hardware department, The BP 











Tayvor, A. E., (M-1), metallurgical assistant, The American Rolling 


Tuomas, J. R., (M-4), president, Thomas & Skinner Steel Products (o.; 


} 


QS 


STicKLEyY, G. W., (M-4), laboratory assistant, Aluminum Company of Ameri 


Tippits, G. E., (M-4), general superintendent, S. F. Bowser & Co.; mail | 
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MEMBERS 


mail 515 E. 12th St., Cincinnati. 
\ ex, G. A., (A-4), industrial engineer, Peoples Power Co.; mail 634 
isth St., Rock Island, Ill. 


\ VecHTEN, G. C., (M-3), plant engineer, Stecher Lithographic Co.; mail 
74 N. Goodman St., Rochester, eo es 

Wwatbace & Sons Mra. Co., R., (8-5), C. D. Morris, superintendent, Walling 
ford, Conn, 

waurers, W. E., (M-4), hardener, Meisel Press; mail 33 Division St., 


(helsea, Mass. 


Warp, (. H., (M-4), experimental department, Bethlehem Steel Co.; mail 
10 Finady Ave., Bethlehem, Pa. 
Warr, H. G., (M-4), assistant general manager, The P. & M. Co,, 18lu 
Railway Exchange, Chicago, Ill. 
WarreEN, MarK, (M-4), assistant foreman, International Harvester Co.; mail 
05 Fox Ave., Ft. Wayne, Ind. 
Wepsrer, F. H., (M-5), tool superintendent, International Harvester Co.; 
mail 1814 KE. Pontiae St., Ft. Wayne, Ind. 
Wessrer, L. J., in tool room, International Harvester Co.; mail 1903 Oxford 


St., Ft. Wayne, Ind. 

Wr, J. M., (M-4), assistant in forge department, Ingersoll-Rand Co.; ‘mail 
837 Bushkill St., Easton, Pa. 

Wes, A. M., (M-4), superintendent, Gerlinger Electric Steel Castings Co.; 
mail 595 Oakland Ave., Milwaukee. 

WeLcu, H. F., (M-4), foreman, International Harvester Co.; mail P. O. Box 
250, Ft. Wayne, Ind. 

WikEDEMANN, O. F., (M-4), machinist, Wiedemann Machine Co.; mail 1815 
Sedgley Ave., Philadelphia. 

WitckEN, E. E., (M-4), time study department, (in charge), International 
Harvester Co.; mail 2110 Hensch St., Ft. Wayne, Ind. 

Witpk, M. L. C., (A-4), district manager, Colonial Steel Co.;mail 308 N. 15th 
St. ,Philadelphia. 

Wie, R. 8., (M-4), industrial engineer, Surface Combustion Co.; 
8. 167th St., Flushing, N. Y. 

WILLIAMS, J. P., (M-5), tool hardener, Chicago Pneumatic Tool Co.; mai! 
149 Peterboro St., Detroit, Mich. 

WiLLIAMS, M, L. (M-1), physical testing, Henry Disston & Sons, Inc.; mail 
Bridgewater P, O., Bucks Co., Pa. 

WILLIAMS, H. T., (J-3), student, Case School of Applied Science; mail 2073 
\delbert Rd., Cleveland. 

Witty, R. E., (J-3), student, University of Minnesota; mail 1115 4th St., 


w 


S. E., Minneapolis. 


mail 4331 


WILSON, E, F., (J-4), student, Massachusetts Institute of Technology; matl 
29 Toxteth St., Brookline, Mass. 

Witmer, L. F,, (M-3), associate professor of metallurgy, Lafayette College, 
aston, Pa, 

Wisk, R. A., (M-4), tool room foreman, The John Lees Co., Indianapolis. 

WooLnipGe, W. J., (M-3), manager, electric sheet department, Mansfield Sheet 


& Tin Plate Co.; mail 325 West 3rd St., Mansfield, Ohio. 


i 
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Zavoico, 8. V., (M-5), metallurgist, Bethlehem Steel Co.; mail 44s 
Bethlehem, Pa. 

ZIESING, HENRY, (M-4), assistant manager of sales, Midvale (\ 
Philadelphia. 

ZIMMERMAN, FRED., (M-4), heat treater, Standard Die & Too! \ 
Carleton Sts., Berkeley, Calif. 

ZIMMERMAN, P. W., (J-3), laboratory assistant (student), Ingerso] 
mail 677 Barrymore Ave., Phillipsburg, N. J. 

ZuBKO, J. K., (M-1), Skrznka Poeztowa 109, Warsaw, Poland. 

ZURBACH STEEL Co., L, E., (8-3), L. E. Zurbach, president, Bosto: 



































DISCUSSION—IRREGULAR CARBURIZATION OF IRON AND Iron 
ALLOYS—THE CAUSE AND PREVENTION 


(Continued from page 928) 


abnormality of steel to spring steel or other high carbon steels, I would 


( 
1Ui i] 


to inform him that there is probably not a plant in the country that has gi 
more attention and more careful study to spring development than the W, 
inghouse Electric and Manufacturing Co. We work our springs, parti 
those applied for drives on electric locomotives, harder than practically 
any other service and we have not found any abnormality after we sel 
and coiled and treated the steel in the proper manner, which included 
steel bar inspection at the mill, supervision of coiling and adjusting 
spring at the spring plant, and supervision of heat treating at the W. F. & \ 
Co, 


Author’s Closure 


In reply to Mr. Shepherd I again state that I have not found a si 
ease of failure of steel to respond to proper carburizing practice, nor hav 
encountered one that acted abnormally. It is for this reason that | | 
taken the stand, and question the existence of such abnormal steel. 

My statement as to Fe,C going into solid solution with iron above ‘ | 
degrees Cent., necessarily requires the Fe,C having formed, since | stat 
before that it takes a higher temperature for this chemical reaction to tak | 
place, any Fe,C going into solution at slightly above 700 degrees Cent. mus 
be in the steel. | 

In regard to the die-surface, Fig. 1 is a photograph at 5 diameters | 
largement and not a micrograph. The surface is not etched I 
pitted condition of gear teeth developed in service and which are due to: 


roughening of the surface by an irregular concentration of carbide, a 
mentioned under paragraphs dealing with Preparation of the Iron and ‘t 
Parts. While the pitting in the container during carburizing is due | 
solving action of the fusible slag mentioned, both are of a very deleteri 
character and should be recognized as distinctly different causes for pitting 
Long time holding of objects at carburizing heat naturally produces 
entirely different results. In an exacting and highly productive practic 
precautions mentioned by me are important and cannot be minimized 
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SECTION 


Employment Service Bureau 


snswers care of A, 8S. S T., 4600 


POSITIONS WANTED 
URGICAL ENGINEER, 


Graduate Lehigh 

ve 25 Four years practical experience 
steel foundries. At present second 

the production manager of a_ larg 
it desires change of position either in 
etallurgist or sales work in the east 

Salary $160-175 per month. Ad 


\. HARDENER. Blacksmithing and hard 
and tools of any kind, high speed or 
Can make furnaces and repair same, 
Address 5-10. 


‘3k SHOP FOREMAN, practical and competent, 
position Has had 22 years’ experience in 
hammer forging, hardening, heat treat 
maintenance, At present employed, and 
change are very good, Will furnish very 

es Address 5-15. 


ETALLURGIST desires connection 
issistant to superintendent College edu 
five years’ experience in the analysis 
nt. manufacture and control of steel and 
Capable organizer and 


with growing 


company man 


LURGIST 
el plant 


desires position as superintendent 
College graduate. Has had exten 
nee in blast furnace, open hearth and 
irnace practice, having specialized in the 
ndustries, Address 6-25. 
\LLURGIST-CHEMIST, 30, married, desires 
g Kight experience, embracing alloy 
errous alloys; blast furnace, foundry and 
materials knowledge of metallographs 
itment; desires responsible position rt 
in laboratory, plant or office, utilizing 
Industrious, conscientious; possessing in 
id ability to produce. University gradu 
preferred. Available on 


years 


lelphia district 
Address 6-365. 


Prospect Ave 


Cleveland, unless otherwise stated 


POSITIONS OPEN 
WANTED: Young man with 


technical training and 
one or two 


years’ practical experience in machine 
shop, steel mill or laberatory, to develop into sales 
work on special and alloy steels 

Answer in full, giving age, nationality, 
marital state, education and experience 
ary desired, Address 5-20. 


religion, 
State sal 


YOUNG MAN WANTED for sal work in 
vicinity with dealer in furnace and allied 
Some engineering training preferred 


Boston 
equipment 
Address 5-25 
SALESMAN—Technical man preferred with 
ence in earburizing and heat 
Position requires traveling. 
ence preferred but not 
age, salary expected. 


exper 
practice 
sales experi 

experience, 


treating 
Previous 
essential State 


Address 5-30 


SALESMAN, Graduate of 


engine ering course, 


mechanical 
preferably from Class ) 
°26, for sales and service work on Hump and 
Heat Treating Furnaces. Short 
essary before active field work Write, 
marital state, education, schools attended, 
ete, State salary expected and enclose 
Address 6-15 ; 


training p 
Living ige, 


experience, 


photograph 


METALLURGIST and 
expert in the heat 
co-operate with all automotive 
studying their needs for new patented equipment 
for automatically controlling temperatures. In_ re 
plying describe experience in a general way and giv 
detailed facts about experience’ wi 

measuring instruments, Address 6-20 


Automotive 
treatment ot 


kngineer, who i 
steel, wanted t 
manufacturers by 


temperature 


WANTED—Young man for 
alytical work in 
ferrous metals 
and training 


metallurgical and an 

laboratory on ferrous and non 
Apply in writing, stating experienc 
Address 6-40. 


SALESMAN WANTED—To sell Ferro Allovs to steel 
makers. Must have some knowledge of steel mill 
practice. Not over 40 years of age Address 6-60 


The Clearing House 


For the Sale 


{ 1 inch! 
Insertion 2 inch 


| 3 inch 


ire 12 lines to an inch. A charge 


FOR SALE 


chine 


hle extensometer for tensile testing ma 


One Bausch and Lomb Metallurgical 
inpletely equipped for taking phot 
In good condition Will sell at a low 


One Bausch & Lomb F-2 Microscope 
two objectives 16mm and 4mm and one 
including revolving double nosepiece 
» objectives, In handsome walnut case 

ck and key. Excellent condition. Ad 

lumbus Gear & Pump Company, 318-350 
\ve., Columbus, O 


we 


of Used 


> 4.50 


40 


Equipment 


L time ? times 4 times 
& 4.00 
aot) 


11.00 


extra lines 


S50 4 
12.00 5 11 


cents per line will be made 


1 Eaton Electric Furnace, new, 


Address 6-55 


Lot of Leeds and Northrup Hump Furnaces in good 
condition Address 6-50. 


FOR SALE: Exceptional Leeds & Northrup Furnaces 
Guaranteed Brand New Will sell at very great sac 
rifice. L & N “Hump” Heat Treating Furnace 
1 No. 8058 Furnace, inside dimensions, 8% inches 
in diameter and 22 inches deep. One No. 8551—F 

S Recorder. L & N Drawing Furnace—1 No. 
9262-—24 furnace, inside dimensions, 12 inches in 
diameter and 24 inches deep. One No. 8970 Con 
trol Panel. One No. &8571—D—D—39 Controller. 
These furnaces were intended to  through-harden 
automobile crankshafts made of ball-bearing steel 
which have been eliminated in the design and which 
has made the furnaces unnecessary, ‘They were used 
only in a test, for a few hours Address 3-40 
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Items of Interest | 





R I. FISKE, for several years manager of the R. D. Nuttall 
e offire at Philadelphia, has been appointed sales manager, in 
Q. W. Hershey. J. E. Mullen, of the home office sales foree, has 
assistant sales manager. 


W. C. Peterson has been appointed metallurgical engineer of the Donne 
Steel Co., Inc., Buffalo, with offices in Detroit. For some years he 
charge of the metallurgical department for Packard Motor Car (Co., and 
the last two years was engaged in a consulting capacity for several firms 
Detroit and vicinity. 


Simonds Saw & Steel Co., Fitchburg, Mass., has moved its Seattle bra 
from 410 Occidental avenue to the Moran building, First avenue sout! 
Holgate street, where larger quarters are available. 


A booklet describing its refractory cements has been issued by the Norto 
Co., Worcester, Mass. Application of the several grades are suggested and 
vantages from use are given. 


Theodore H. Harvey, vice-president Ohio Steel Foundry Co., has be 
appointed general sales manager, covering both the Springfield and Lim 
plants of the company. He has been connected with the Springfield plant 
for eight years, having been works manager until he was made vice-president 
three years ago. F. G. Wright, another vice-president, and J. R. Hastings 
secretary, both of Lima, who have been in the business for many years, hav 
withdrawn from active work. V. T. Hohaus has been appointed works mai 
ager at the Springfield plant and W. J. Hayes, sales manager. Both hav 
been connected with the plant for some time. 





J. C. Woodson, formerly section engineer in charge of industrial heating 
has been appointed manager of the industrial heating engineering department 
Westinghouse Electric & Mfg. Co. A graduate of Oklahoma State University, 
Mr. Woodson entered the service of the Westinghouse company in 1915. H 
was assigned in 1916 to the circuit breaker section of the supply engineering 
department. Since 1920 he has been engaged in industrial heating work 


P. E. Floyd has been appointed manager of sales in charge of the Chicag 
office and warehouse, Ludlum Steel Co., Watervliet, N. Y. He succeeds H. \\ 
Edwards, who has been transferred to Southern territory, with headquarte! 
at Houston, Tex. 


The Brown Instrument Company, Philadelphia, has available for thos 
interested, Catalog No. 15 which is said to contain up-to-the-minute informa 
tion on the latest developments of pyrometry and contains complete descr) 


(Continued on Page 86 Adv. Sec.) 
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ADVERTISING SECTION 


No. 12-255 


For the rapid grinding or surfacing of 
metal specimens 


ROUGH GRINDING. ‘The specimen is held against the 

flat steel top over which the grinding belt runs. The 
coarse grinding is done in straight parallel lines; each finer 
crinding is made with the lines at right angles to those pro- 


duced by the previous grinding. 


FINE GRINDING. The grinding is finished on Metallo- 
graphic Emery Paper attached to the flat steel disc on the 


side of the machine. f 
Price $60.00 


Fully described in the Fisher Catalogue, Page 438 


FISHER Screntiric ComPANy 


LABORATORY SUPPLIES 


PITTSBURGH, PA.US.A. 


( Formerly Scientific Materials Company ) 


When writing to Fisher Scientific Company please mention TRANSACTIONS 










36 TRANSACTIONS OF THE A. 8S. 8S. T. 





tion and illustrations of Brown Pyrometers of all types, also th 








protecting tubes, switches and other accessories, with prices. About 


tions, many in 5 colors, are contained in this 80-page booklet. 


The University of Michigan, Ann Arbor, Michigan, has issu 
containing its program in Chemical Engineering and Graduat 
General Chemical Engineering, Metallurgical Engineering, Gas | 
and Organic Chemical Industries. It also sets forth the facilities | 
tion and research available to the student, the laboratory equipn 
conveniences and additional advantages such as fellowships, sum: 
ment, visits of inspection and the solution of everyday industrial 
general interest which results in mutual benefit. An outline of 


graduate courses and a schedule for a four-year program in Cli 










IY 


given, 






gineering are 





The International Nickel Company, 67 Wall Street, New Yor! 
available Bulletin No. 3 entitled ‘‘ Heat Treatment and Application 
and Nickel-Chromium Steels’’ by Thomas H. Wickenden. Binders 


the binding of these bulletins and increase their reference 








val 
available for those desiring the loose-leaf type binder for filing n 
bulletins. 





Dr. V. N. Krivobok, Associate in the Bureau of Metallurgi: 








of Carnegie Institute of Technology, has been awarded a grant of 4: 


by the Iron and Steel Institute of Great Britain to assist him in 


out a photomicrosecopic study of recrystallization of metals after 






ing, according to an announcement. Public announcement of the award, 
comes from the Carnegie Research Fund of the Iron and Steel Instit 
made at the annual meeting of the Institute in London, on May 6 and 


Dr. Krivobok has been a member of the staff of the Bureau of \M 





lurgical Research of Carnegie Tech since its organization by President 







S. Baker two years ago. 






‘*Steam Economy’’ is the title of a new 56-page bulletin 






the Republic Flow Meters Company, 2240 Diversey Parkway, Chi 
This is a compilation of the experiences of their engineering forc: 
the past ten years on the subject of methods for reducing steam cost 


is well-illustrated and shows a typical Republic installation. Sent 











request without obligation. 





The Bristol Company, Waterbury, Conn., has available Cataleg >} 


‘ 


which deseribes their electric Tachometer, a device for recording 11 


eating the speed of rotation of any piece of revolving machinery. T 
equipment consists of a magneto and a voltmeter. Its advantages 
enumerated and the method of its operation-described and illustraté s 


upon request. 





H. Audino, formerly with the saw department of R. Hoe & | 
New York, is now with the engineering department of the Edison 5t 
Battery Company, Orange, N. J. 


(Continued on Page 38 Adv. Sec.) 
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3 
rh FOR THOSE WHO DEMAND THE BEST 
¥ IN THEIR FINISHED PRODUCT i 
! : 
SIMONDS STEEL ‘ 
of i 
in | 
aie Too. STEEL : 
a MAGNET STEEL ‘i 
a ae SpeciAL ANALYsIs STEEL 
Lt} 
gga SHEETS 
r BARS 
leg \ 
ns 


inery, This 


r SIMONDS STEEL MILLS 


Lockrort, New York 


ison Storag 


When writing to Simonds Steel Mills please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T. en 
Effective April 1, 1926 the name of The A. H. Wolff Gas Ra 
pany is changed to American Gas Products Corporation in order 
to define the extent and variety of the gas heating equipment m 
and distributed by the former company. The American Gas Prod 
poration will continue as sole distributor of ideal gas boilers ma 


by the American Radiator Company. The same high quality of 
will be maintained. Address 376 Lafayette Street, New York. 


The Botfield Refractories Company of Philadelphia announce: at t] 


Standard Asbestos and Cork Company, of 541 South Troost Street 


Oklahoma, has been appointed distributor for its Adamant fire brick 


the original high temperature cement. They will cooperate with 


lulsa. 
cement 


isers of fir, 
brick who are interested in prolonging the life of fire brick constructi, and 
in reducing refractories maintenance costs. 


The International Nickel Company of New York City has fi 
bulletin No. 4 on ‘*Making Steel Castings Stronger’’ 
entitled ‘*The Mill Inspection of Steel.’’ Sent on 


1 distribution 
and bulletin No 


request gratis 


Krank A. Hall has joined the Dempsey Furnace Division of the W. \ 
Best Corporation, 11 Broadway, New York City. 


Mr. Hall has been active for the past five years in industrial furna 

work in Philadelphia. Prior to entering the industrial furnace field he was 
engaged in metallurgical work for Wright-Martin Aircraft, Driver-Harris, a 

the New Jersey Tube Company. 


H. S. Brainerd, metallurgist of the Phillipsburg and 


Easton plants of 
the Ingersoll-Rand Company, sailed for Sweden on June 


3. aboard the ne 


Diesel engine liner ‘‘Gripsholm’’. During his two months’ stay abroad h 


will visit steel plants in Sweden, Belgium, Germany, England, and France. 


The Stanley P. Rockwell Company, 66 Trumbull Street, Hartford, Conn., 
has available Bulletin No. 2605 entitled ‘‘A Guide for Those Contemplating 
the Purchase of New Heat-Treating Equipment or Improving Heat-Treatiny 
Furnaces Now in Use.’’ This bulletin pertains chiefly to hardening equip 


Ul} 


ment for tools, dies, taps, gears, etc. Sent on request. 


Effective June 1, Lawrence K. Diffenderfer tendered his resignatior 
secretary and treasurer of the Vanadium Corporation of America. Mr. Diffen 
derfer is leaving the Vanadium Corporation of America to engage in specia 
accounting, tax work, industrial plant and mine valuation, and work of that 
nature. He is to be sueceeded by Edgar R. Alpaugh. P. J. Gibbons, at 
present chief clerk of the Bridgeville plant of the Vanadium Corporation 0! 
America, has been elected assistant treasurer. J. A. Miller, Jr., at present 
general sales engineer, will become assistant general manager of sales wit 
headquarters in New York. H. T. Chandler, assistant to the presid 
is now located in Detroit, will be transferred to the New York Office, in 
same capacity. C. N. Dawe, at present with the Studebaker Corporation 
America, at Detroit, will become affiliated with the Vanadium Corporatio 
of America as manager of the automotive division, with headquarters 1 
Detroit. T. N. Bourke, at present district sales manager, will becom: 


manager of the automotive division with headquarters in Detroit. 
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FEATURES 


Some Comparisons Between Rockwell and Brinell Hardness— 
R. C. Brumfield 


Some Characteristics of Quenching Curves— 
HJ. French and O. Z. Klopsch 


Graphitization at Constant Temperature— H. A. Schwartz 


Irregular Carburization of Iron and Iron Alloys—The Cause and 
Prevention— W. J. Merten 


The Durometer—An Instrument for Testing Hardness— 
Dr. Albert Sauveur 


Progressive Carburization in Rotary Electric Furnaces— 
H. E. Martin 


The Constitution of Steel and Cast Iron—Part I— FF. T. Sisco 


Facts and Principles Concerning Steel and Heat Treatment— 
Part VII— Hi. B. Knowlton 
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Tapping One of Our nak Hearth Furnaces 


Let’s Solve Your Steel Problem Now 


R some time you have felt that perhaps a different 
analysis of steel would correct the difficulty you 
have had with a certain part of your product. Not 
being a metallurgist, the problem has baffied you. Let’s . duction in all kinds 
solve it now. Our expert metallurgists and practical ff 8¢¢hon A 


We have daily pro 


. 3 Steels, such as— 
steel men, having at their command the most modern 


cnd completely equipped laboratories known to the - Misi 


industry, will work hand in hand with you or your denum, Chrome- 


engineers to formulate a steel that will correct your Moly bde lybde- 


difficulty. This assistance will cost you nothing but .um, V:« as adium, 
may mean everything. Take advantage of it. Write Chrome - Vana 
us. Get our Agathon Alloy Steel handbook, 


Deliveries in Blooms, 
Billets, Slabs, Hot 


The Central Steel Company Sfecitos: 
Massillon, Ohio Bars, Hot Rolled 


eee 
Swetland Bldg., Cleveland Book Building, ce ee 


Peoples Gas Bldg., Chicago Aeolia ew York 
University Block, Syracuse Bldg 


303 W. P. Story Bidg.. 
404 





ADVERTISING SECTION 


L&N AUTOMATIC 


Potentiometer 
Pyrometers 


Are the only ones 
recording ona chart ; 
ten inches wide. 
CThe centralized. 
temperature control 
system that is per- 
manent ly accurate. 


Write for Catalog 87-S 


Free on Request 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE, PHILADELPHIA 





When writing to Leeds & Northrup Company please mention TRANSACTIONS 
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This motor coach, equipped 
with Vanadium Steel chassis 
springs, was designed and 
built in the shops of the 
Motor Transit Co. It is now 
in service between Los An- 
geles and San Diego. 


Why Motor Transit Co. 
Uses Vanadium Steel Springs 


66 ANADIUM Steel has been 

used in all of our bus 
springs for some time,” states 
the Motor Transit Co., Los 
Angeles, California. 


“We have found that this spring 
steel has longer life, greater 
dynamic strength, and its resist- 
ance to fatigue is far above ordi- 
nary carbon steel springs. 


“Springs of Vanadium Steel 
hold their height longer than 
carbon springs. We find these 
springs are more uniform in 
stress per inch of movement. 


“We have tried several makes 
of steel, but we find the Vanadi- 
um alloy, which we use at pres- 


ent, gives us superior service 
and longer life than any of the 
cheaper steels, making these 
springs the cheapest in the long 
run.” 


Would you improve the springs 
or other steel parts of your 
product? Our Metallurgists will 
gladly assist you, and place at 
your disposal valuable data 
gained in many automotive steel 
researches. When you avail 
yourself of this service, you are 
not obligated in any way. 


Vanadium Corporation of 
America 


New York Detroit 


VANADIUM STEELS 


for strength, toughness and durability 


When writing to the Vanadium Corporation, please mention TRANSACTIONS 
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Use the 


“OLSEN BRINELL 
PROVING RING” 


Adopted from Bureau of 
Standards design 


with 


Electrically Operated Vibrating 
Reed for checking Brinell 


Hardness Testers 


Write for literature covering same 


Olsen Motor Driven Production Type Brinell Hardness Testing Machine 


Machine as here illustrated is the very last word in Brinell Hardness 
Testing Equipment, and which enables the operator to make Brinell Hard- 
ness Tests on a real productive basis. 


This Machine is made in several sizes, depending upon the class of 


work to be Brinelled and is supplied complete with a Special Illuminated 
Microscope. 


The entire control of the machine is by operating the small knurled 
head at the right through a very small angle for either applying the load 
or removing same, while the load is automatically held at maximum point 
over such a length of time as desired by the operator. 

The operator of our Motor Driven Production Type Brinell Hardness 
Tester will find his work a pear, and without any effort secure a 
maximum production on Brinelled parts. 


KNOWLEDGE IS POWER 
ELIMINATE VIBRATION 


Secure Perfect Balance with Speed and Economy 
Use the OLSEN-CARWEN STATIC-DYNAMIC BALANCING MACHINE 


MANUFACTURED BY 


TINIUS OLSEN TESTING MACHINE CO. 


500 N. TWELFTH ST., PHILADELPHIA, PA., U. S. A. 


When writing to Tinius Olsen Testing Machine Co. please mention TRANSACTIONS 
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XG itor Every Heat 


TARTING from scratch twelve years ago, 
Bohnite quickly assumed a leadership among 
LL high grade compounds that 
ING” has never diminished. 
iu of ° . 
Rather, notwithstanding the 
vicissitude of price-buying, price 
beating competition, etc., this leader- 
srinel]| ° . : 
| sony ee ship has increased instead of 
wid iy used Ww eding decreased. 
Which is a fact of real 
significance to the heat trea- 
Machine res PO ag ter. 
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Ju 


HEART TO HEART TALK 
WITH STEEL ‘TREATERS 


By the President of IF 
E. F, HOUGHTON & CO. i 


lau 






“HOUGHTON’S LIQUID BATHS for the HEAT TREA 
MENT OF STEEL.” is the title of a book, compiled by the Hough 
Research Staff. It is a compilation of all of the best known practic 
in the use of liquid baths for steel and the information contained there 
has been gathered from many sources and is the result of the wide 
practical\ experience. Therefore, there is one individual author of th 
work. f course, some one person had to assume the responsibility 
putting the information together, but even after that was done, two 
the World’s most noted physicists were engaged to criticize and corret 
the copy. - ~. 










I personally had nothing whatsoever to do with preparing t! 
original or corrected copy. In fact, the first I knew of the intention | 
the Houghton Research Staff to publish the book was when they broug! 
the final corrected galley proof and requested that I should prepare t! 
FOREWoRD. Of course, my preparing the FOREWORD was not at 2 
essential, but it is a habit our folks have, of insisting that I should 1 
some way assume the responsibility of all their publications, by writin 
the FOREWORD, even though I have nothing whatsoever to do with t! 
preparation of the original copy. 


Naturally, before I would consent to subscribe my indorsement 
the book, I satisfied myself that the contributors were reliable and ¢! 


critics capable and fair and that the work as a whole was a capable 1 
effort. 


When writing to E. F. Houghton & Co., please mention TRANSACTIONS 








































ADVERTISING SECTION 






fhe Houghton Research Staff does not present “HOUGHTON’S 
(QUID BATHS for the HEAT TREATMENT OF STEEL” with 
y thought that the book is perfect. The World is denied the benefit 





f 
+ much knowledge, not because the possessors of knowledge begrudge 





heir knowledge to the Public, but because, knowing that their first 
tribution must be more or less faulty, they have not the courage to 





sbmit themselves to criticism. 


“HOUGHTON’S LIQUID BATHS for the HEAT TREAT 


NT OF STEEL?” is not published with any such fear of criticism, 
| 


— 






it rather for the express purpose of inviting criticism. Criticism will 


wturally lead to debate and debate in turn will lead to truth, which will 
wturally bring out errors and defects, which may be corrected in the next 






Jon and thus as we correct each edition shall we arrive at final truth. 


.T TREA : , 
ae In advancing knowledge on any subject, some one has to be the 
e ought ; n : 


re 








” : {nd usually the “Angora” is the person (or persons) with 
own practic am ; P . ‘ ime 
wirage. The Houghton Research Staff merely claims credit for not 
¢ 






al ned tnere 





f tl id ng afraid of being the “goat,” for the benefit of the art of heat 

it the wide , mea 

uth f reatment of steel by liquid baths. 
Or OT fi 





ponsibility While the book refers specifically to certain Houghton Products, 


done, two qi js not an advertisement of those Products, but is really a highly 





c and COrreg 





echnical and scientific treatise, by the highest authorities on the subject 
authorities who are practical; authorities who are not mere laboratory 
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nen, but practical heat treatment room men. 


yreparing th 
“HOUGHTON’S LIQUID BATHS for the HEAT TREAT 
MENT OF STEEL” will be mailed free to any member of the Society. 
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\ddress: 


E. F. Houghton & Co., 
Department of Publicity, 
P. O. Box 6913, 

North Philadelphia, Pa. 
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dorsement { Yours fraternally, 


jable and ¢! " ail 
Cuas. E. CarPENTER, 


President of E. F. Houghton & Co. 
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When writing to E. F. Houghton & Co., please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 


NichFro me 


HE story of these pots is contained in a letter 
from The Victor Ring Traveler Company. 
which says: 


“We first used the original “Nichrome” pots in 
our heat of March 3lIst, 1919, and we are still 
using them. They have been in constant use, 
every other day for SEVEN years. This certain- 
ly is a remarkable record and we feel that the 
“Nichrome” pots have been worth all we paid for 
them.” 


DRIVER-HARRIS COMPANY 
HARRISON, NEW JERSEY 


Chicago Detroit Morristown, N. J. England France 


When writing to Driver-Harris Company, please mention TRANSACTIONS 





ADVERTISING SECTION 


__the Castings of 
‘Proven ‘Performance’ 


* And if that isn’t 
“Proven “Performance 


—what is? 


When writing to Driver-Harris Co., please mention TRANSACTIONS 
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ROCKWELL DILATOMETER |@* 








VOLCRIT METHOD 


' OF 


HEAT-TREATMENT 


do 


FiXCLUSIVE FEATURES which can not be obtained by any 
other method of heat-treatment. 





















1. The Volcrit Method indicates a definite quenching point. It is not 
necessary to continue to heat an indefinite number of degrees beyond the 
observed critical point. 


* ~' 





2. This definite quenching point is signaled by an alarm system. 


| 3. The heating curves obtained by the Rockwell Dilatometer always 
| show an actual reversal (contraction) at the critical point which is pro- 
nounced and not simply a change in slope of the curve. 


4. Size, shape, and mass of parts do not alter this reversal by the Vol- 
crit Method, nor does the mass of fixtures used to support a quantity of small 
pieces affect the reversal. 


5. Irrespective of carbon content, all steels, plain carbon or alloy, show 
pronounced reversals when heat-treated by the Volcrit Method. 


6. Furnaces of a fast heating rate can be used as the critical point ob- 
servance does not depend upon the rate of heating. 


7. The Rockwell Dilatometer is mechanical. There are no pyrometers 
or delicate parts to keep in order or calibrate. 


wean aa at as om oo 
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8. The Volcrit Method is adaptable to tempering operations. 
9. The Volcrit Method is adaptable to salt-bath heating. 
10. The Rockwell Dilatometer can be attached to any type furnace. 
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THE STANLEY P. ROCKWELL Co. 


‘New England’s Heat-Treater’s Supply House 
66 TRUMBULL ST. - HARTFORD, CONN. 





Represented by 


THE QUEEN CITY STEEL TREATING CO. THE PACIFIC SCIENTIFIC CO. | 
1620 John Street - Cincinnati, Ohio San Francisco, Calif. - Los Angeles, Calif 





When writing to The Stanley P. Rockwell Co. please mention TRANSACTIONS 
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Production Tripled— Power Costs Halved—with this Saw of Alloy Steel 


metal bites into metal, it is the blade 
3EHIND the teeth that feels the shock. 
Disston engineers—Disston steel ex- 
erts—Disston designers—were unani- 
mous in their choice of an Alloy Steel 
for the body of this saw because they 
knew that Alloy Steel has toughness with- 
out brittleness, and strength without ex- 
cessive hardness. They KNEW that Alloy 
Seel stands up where other metals fall 


- Disston Saw goes into action and 


down : 
Alloy Steel furnishes toughness with 


lightness, and greater strength per unit 
of cross-section than carbon steel. It has 
greater ductility—it does not break. It re- 
sists the shocks that fracture other metals 

The fact that hundreds of manufac- 
turers are now using Alloy Steel to pro 
vide “‘strength where the stress comes’’ 
should suggest that there is a place for 
Alloy Steel in your product. We suggest 
you let our engineers, with the aid of 
their extensive laboratory facilities, work 
with you toward the improvement of 
your productthroughtheuse of AlloySteel. 


Diaston Sectional Interlock Inserted Tooth Circular 
Milling Saw that gives two to three times the service 
received from other saws and with only one- half the 
consumption of power. Blade of saw made of NICKEL 
STEEL by Henry Disston & Sons, Inc., of Philadelphia. 












by any 


It is not 
eyond the 


er always 
h is pro- 


» the Vol- 
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Co. 


Path Send for this permanent binder contain- 
ing valuable data on Nickel Steela-- their 


IFIC CO 


7. ro) _ € . . rm 
Angeles, Calif properties and applications. Mentig 


this magazine in writing. 


THE INTERNATIONAL NICKEL COMPANY, 67 WALL STREET. NEW YORK CITY. ants 
Producers of INCO Nickel in all commercial forms Nickel, 


ene ") 


IONS When writing to The International Nickel Oo. please mention TRANSAOTIONS 


TRANSACTIONS OF THE A. S. S. T. 


EVANSteel Castings 


are T-81id annealed 


NHE Chicago Steel Foundry Company, makers of 
‘I EVANSteel Castings, selected a T-Grid Electric 
Furnace for annealing and heat treating their product. 
Fine materials and perfect practice make possible the 
high qualities of EVANSteel Castings. T-Grid anneal! 
ing equipment insures the fullest realization of EVAN 
Steel toughness and dependability. 


Fi yatagn ti 


T-Grid Electric Furnaces are pre-eminent in_ steel 
foundries. They are unapproached leaders in rugged 
ness, flexibility, and fitness for foundry service. The) 
are in operation in America’s foremost steel foundries. 
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T-Grid leads not only in this severe and exacting service, 
but in all fine heat treating where rugged, dependable, 
flexible electric furnaces, correctly designed, are needed. 


ine epee 


~ aah 
Pn enn ON - eer 


sme enna ee oy. 


Write today for a copy of 
our latest descriptive folder. 


ee OE oe me 


erevesedlstnns tet 


The Electric Furnace Co. 


541 Wilson Avenue Salem, Ohio 
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When writing to The Electric Furnace Co. please mention TRANSACTIONS 





ADVERTISING SECTION 


Making a Success Out of a 
Failure 


\ BIG normalizing or annealing furnace at the plant of the 

\. New Process Gear Co. at Syracuse, N. Y. was originally 
built with an ordinary fireclay burning chamber. It was sup- 
posed to deliver 1500 pounds of normalized gear blanks per hour. 
It did for three weeks—and then the clay brick and tile literally 
melted away. 





Then they built the chamber of Carbofrax Brick backed up by 
an insulating brick and laid the floor with Carbofrax Tile. 
This Carbofrax installation ran for over a year and delivered 
2100 pounds of gear blanks per hour. 


Carbofrax is the Carborundum Refractory—resists any com- 
mercial temperature without softening or disintegrating—has a 
remarkable heat conductivity—and a decided resistance to 
abrasion. 


It is also the ideal material for hearths for heat treating furnaces. 


CARBORUNDUM REFRACTORIES 


Brick and Tile for Boiler and Furnace Settings; Muffies for Enameling Furnaces; 
Hearths for Heat-Treating Furnaces; Cements for all High Temperature Work 
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THE CARBORUNDUM COMPANY, PertH Amsoy, N. J. 


Williams & Wilson, Ltd., Montreal Strong, Carlisle & Hammond, Cleveland 


Harrison & Co., Salt Lake City Chicago Flexible Shaft Co 


_ Chicago 
St 


indard Fuel Engineering, Detroit General Furnace Co., New York-Philadelphia 
Pacific Abrasive Supply Co., San Francisco Christy Firebrick Co., St. Louis 





"TONS When writing to The Carborundum Company, please mention TRANSACTIONS 
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COS Pyrometers 


Installations for 


Annealing Furnaces, Case Harden- 
Send fer ing Furnaces, Lead Hardening Baths, 
Pyrometer Muffles, Heat Treating Muffles, 


Catalog C . 
. anide Pots, Pre-heaters, etc.. etc. 
Part 4000 y ’ 4 , 


Whatever the process or compli- 
cated the control, steady reliable 


Re ee atin ls 
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Tycos Temperature Instruments are 
ready to take up the work. 
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Taylor Instrument Companies 


ROCHESTER, N. Y., U. S. A. 
CANADIAN PLANT—Tycos BUILDING, TORONTO 


MANUFACTURING DISTRIBUTORS IN GREAT BRITAIN 
SHORT & MASON LTD., LONDON 


ose 
THERE !8 A TYCOS OR TAYLOR TEMPERATURE INSTRUMENT FOR EVERY PURPOS 


When writing to Taylor Instrument Companies, please mention TRANSACTIONS 
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REG. U.S. PAT. 


CHEMI CALS 


SERVICE 


Will solve your problems in 
=5M 4 SURFACE HARDENING 


Choose any one of our 


SECTION 
























CYANIDE MIXTURES 


(Strength 30%, 45% or 73/76% NaCN) 
for the best results, your selection being 


fers dictated by plant conditions. 


If equipped to do so, make up your own bath as 
needed, using as a basis 





rden- 
aths, Reg. U. S. Pat. Off. 
files, CYANIDE SODIUM 96/98 % 
etc | guaranteed 51/52% cyanogen 
a strength equal to 128/130% KCN 
' Dilute with Soda Ash and Salt, to suit 
mpli- 
iable % 
Our mixtures are also highly suitable for 
S are : ‘ 
reheating after pack hardening 
Better heating medium than lead— 
prevents oxidation. 
) le S Technical assistance rendered without charge 


“Whe 
ROESSLER 8HASSLACHER CHEMICAL, 


709 SIXTH AVENUE : NEW YORK 


ERY PURPOSE | 


TIONS When writing to The Roessler & Hasslacher Chemical Co., please mention TRANSACTIONS 
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ILSON MAEULEN ei 


When writing to the Wilson-Maeulen Company, please mention TRANSA( TIO 
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) ARI AT TREATMENT OF STEEL 
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cating, recording or 
type on the furnace 
dness Tester checking 
in the furnace room 
twice, nor have 


- fs REA OE ete 

iene age ka ell oe . 

NEW YorRK & is oa 
—— 379 CoNncorRD AVE. 


writing to the Wilson-Maeulen Company, please mention TRANSAOTIONS 
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Hard boiled 


ED CUT SUPE 

RIOR and RED 
CUT COBALT are 
made for men who have 
become “hard boiled” 
on the subject of high 
speed steels—from list 
ening to excuses and 
from having jobs de 
layed because of inferior 
steels. | 





ateneasiellentenenen 








Standardize on RED | 
CUT SUPERIOR and 
‘There's a Vasco ie CUT UBALI 

: or your cutting require 
Representative near ments, and your high 
ig speed steels will no 
longer be a problem. 


a xa ©C a Let us prove it. 
— ' 


OHSMOLr 


Cc Mie OA poet lor att nm ns ah meme 






to eet 8 ete 


you. 





VANADIUM ALLOYS STEEL CO% 







DISTRICT OFFICES: LATROBE, PENNA. i 
New orlistat -ooveend pan 
) —Cincinnati—Chica atrobe, Pa age 
vucit—Springeld, Mase” DISTRIBUTORS: CARRYING STOCK Springfield, Mass De 
Abegg & Reinhold Company H. D. Taylor Company Peninsula tron a Stet . 
Los Angeles, Calif. Buffalo, N. Y. San Francisco mpany 
Faitoute Iron & Steel Company W. S. Dunia Edgoomb Steel Fone 
Newark, N. J. St. Louis, i Philadelphia 


AGENCIES: 
W. S. Murrian Co., Knoxville, Tenn. 


When writing to Vanadium-Alloys Steel Co., please mention TRANSACTIONS 
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ADVERTISING SECTION 


“We can’t make 
| these parts 
| too good!” 

The Fidelity Machine Co. 


So a G-E Heat-Treating Furnace was Installed 


Certain parts of textile and hosiery machines manu- 
factured by the Fidelity Machine Co., of Philadelphia, 
are intricate and difficult to produce. Fashioned with 


exacting care from the finest of special steel, they 
exemplify a high state of perfection. 
f Material and workmanship could not be improved, but 


the heat-treating could. So a G-E heat-treating furnace 
was installed. 


| Although electric heat 
will not supplant all 
other forms of heat for 

| industrial purposes, 
there are processes in 

| every industry where 
it is the ideal heat— 
the most economical 
heat—the heat that 
ultimately will be 
used. 


The parts are now distinctive in their uniform high 
quality; rejects are unknown; heat-treating is clean and 
comfortable; and customer appreciation is rapidly 
mounting. 


There are countless machine parts and tools which, 
though already of high quality, can be greatly improved 
by scientific heat-treating in clean, compact, well-built, 
G-E heat-treating furnaces. 





ULTIMATELY 
ELECTRIC HEAT 
IN EVERY INDUSTRY 


Complete information supplied upon request to 
your nearest G-E sales office. 
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ENERAL ELECTRIC 


a 
NERAL ELECTRIC — eT RIC COMPANY, _SCHENECTADY., N. Y. SALES OFFICES IN ALL PRINCIPAL CITIES 









Wh 


en writing to General Electric Company, please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T. 


For Over 30 Years! 


@For more than a quarter century trouble- 
some heat treating problems have been our 
daily bread. Shoulder to shoulder with hun- 
dreds of large manufacturers we've dug into 
their problems, recommended, designed and 
built the equipment and watched it bring 
results better than were anticipated. 

QLIf you have a heat treating problem we are 
glad to place this experience at your service. 
There is no obligation whatever. Simply 
write us about it. 


Gilbert & Barker Mfg. Co. 


Springfield, Mass. 


oe 
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Here is our C-300 oil burn- 
ing semi-muffie furnace for 
annealing and carbonizing. 
Built of heavy cast iron sec- 
tions insuringstrength, long 
life and eliminating warp- 
ing. Walls of combination 
fire brick andinsulation are 
the equivalent of 134” 
straight fire brick. They 
reduce heat loss through 
radiation 334% over 29” 
straight fire brick wall. The 
furnace is portable which 
permits moving it without 
the expense of tearing down 
and rebuilding on a new 
foundation, Complete de- 
tails and specifications on 
request. Write. 


Per eee 


When writing to Gilbert & Barker Mfg. Co., please mention TRANSACTIONS 










ADVERTISING SECTION 


RODMAN 
PRODUCTS 


Carbo 


Case Hardening Compounds 












Longer life and uniform quality. 








Sealright 


A luting material that does not corrode the containers. It 


prolongs their life indefinitely. 










Quenching Oil 


A faster oil with uniform quenching characteristics. 





Rodman Chemical Company 
VERONA, PA. 


DORNER « 5.5.0 sxc’ 1001 Majestic Bldg. 

Rockford....... 700-702 Race St. 

Pittsburgh. .... 1200 Standard Life Bldg. 

Baltimore...... 803 Emerson Tower Bldg. 

Hartford. ....+. The Stanley P. Rockwell Co., 66 Trumbull St. 


Pacific Coast... Waterhouse & Lester Co., San Francisco and Portland 


When writing to Rodman Chemical Company, please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. 
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Explanation of the Chemical Action 


of NO-OX-ID 


NO-OX-ID stops pitting by reacting NO-OX-ID properly applied, pol 
chemically. Pitting of iron and steel the reaction and stops the passa 
is localized corrosion between positive iron into. solution. This che 
and negative areas in the metal. Mois- prevents any further pitting 
ture or damp soil conditions form the addition to this chemical prot 
electrolyte through which this corro- continuous mechanical protection is 
sive action is carried on. Before pit- forded by the elastic non-drying 
ting is possible iron must go into No preparation which dries can g 
solution. This solution takes place at chemical protection and only temporary 
the positive point or area; the iron mechanical protection. Drying films 
in solution is converted to iron hydrox- cannot give intimate contact wit 
ide and is deposited at the negative metal. NO-OX-ID penetrates to st 
area. Progressive corrosion thus pro- deep seated corrosive action. NO-OX-! 
ceeds as long as moisture is present does its work under the film « ( 
and as long as iron can go into so- and in the film mechanicall 
lution. 

Millions of dollars worth of iron and steel were coated and preserved 
rust with NO-OX-ID in 1925. Millions more in 1926. Full data o1 ( 
W rite! 


DEARBORN CHEMICAL COMPANY 


310 SO. MICHIGANQAVE. 299 BROADWAY 
CHICAGO NEW,YORK CITY 


NO-OX-ID 


“TRADE MARK — 


The Original Rust Preventive 


When writing to Dearborn Chemical Co., please mention TRANSACTIONS 
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AMERICAN SOCIETY for STEEL TREATING 


FOUNDER MEMBERS 


ypopORE E. BARKER ARTHUR G. HENRY WILLIAM P. WoopsIDE 
Oak P am Til. Chicago Detroit 


HONORARY MEMBERS 


















gp ROBERT HADFIELD, Bart., F.BS............. 0. cece eens London, England 
ALBERT SAUVEUR, Sc. D.. TCVETCeTITe ETTORE ll 
Joun ALEXANDER MATHEWS, i aa es eco al New York City 
Henry LE CHATELIER.. Eee e TTS eT Te PPC ERT REET ERET Te Uk 
ee ee ee Sendai, Japan 
pt Ne a6 a.nd? ghk a ele a4 Ted Waele 644s hoe Maw eeme Cleveland 

uDGE ELBERT H. GARY eee ed ck ee ee be cals «hee cae anew New York City 
ee rs Sa ioe St Sole db. «.a5 kee saab es eae New York City 

HENRY MARION HOWE MEDALISTS 
EE B53 4 ib 0 >. FRR KAS WOE DAUR OW bs veh ocd bet eewe 1922 
i a As keep 03 Faw s VOW de eR EE b oats oe wR Ove hens ee eer 1924 
I Seay 5 cG bak CARE Ss ceca he dee aes sa-eerndiens dae eewe 1925 
PAST PRESIDENTS 

ie Di 2) se ae Sete eS oti bee dik A dicta k 04's 60 08 KO Rb MOO ON 1921 
EE ae ey ee en er 
ee bine ab 6b A VES SA OWS wes be Vase ee be Chas peed tice ee 
i oe ac late yuck eb Ses eae ss 5 kkbs 2 epee’ 1924 


Wer a ee a. 5 a Btattt a ha Maia Ba. kia wha dcek ded weiala kt slew bl da-odswithads 1925 







RULES GOVERNING THE AWARD OF THE HENRY MARION HOWE MEDAL 


The Board of Directors of the American Society for Steel Treating has established a 
fund to be known as the Henry Marion Howe Medal Fund, the proceeds of which shall be 
used annually to award a gold medal to be known as the Henry Marion Howe Medal. 

| The award will be made as follows: 

(1) The medal will be awarded to the author of the paper which shall be judged to 
be of the highest merit. All papers in order to be considered must be published originally 
in the TRANSACTIONS of the Society during the twelve months ending August Ist of the 
ear in whieh the medal is awarded, 


(2) The competition for the Henry Marion Howe Medal shall be open to all. 
(3) The award shall be made by the Board of Directors. 
(4) The award may be withheld at the discretion of the Board of Directors. 
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Drying film NATIONAL 

eas pet EI te Cae ns chee ee cibn Sheffield, England 

ra “NO- Ox. COLUMBIA TOOL STEEL CO., Arthur T. Clarage, President......... ..Chicago Heights, II. 

ing . GENERAL: AlMer eee ees Mic Bis BEET U, PPUNNMIIID 6 k0 oc cidin cc swe ce sccencceccecvccecs Boston 

athe satan KELLY AXE Babee, Gr We OL Celie, Prembet. oc cin's ce ccccsccce. ...Charleston, W. Va. 

ally. PELICAN WELL TOOL AND SUPPLY CO., M. G. Stewart, Manager.......... Shreveport, La. 
ee Be eee Lockport, N. Y. 

eserved VANADIUM-ALLOYS STEEL CO., W. S. Jones, Vice-President................ Latrobe, Pa. 

1 Ol ju VULCIATY ‘Sie a roe as A, ca aic c-b'vie wie cain evewwe $4 Aliquippa, Pa. 

BOSTON CHAPTER 

AMERICAN METALLURGICAL CORP., K. A. Juthe, President..............s++0e Boston 

PANY SLAKR AMG) MI cos scans cacass dadvasevecs cenctcawvens Cambridge 
CRUCIBLE STEEL COMPANY OF AMERICA, H. L. Raynor, Branch Manager........ Boston 
EDISON ELECTRIC ILLUMINATING CO., J. hs Faden, Industrial Heating Eng...... Boston 
Dee a sexi eaad the diveee cgbeede dennnanseeel Boston 
CAR iE Ss eb cekesebbedbeonent South Boston 

Y GRAY & DAVIS, a, i CE. sce cwerceerescccccceesedes Cambridge 
HARTEL BROTHERS & ORES SS eee ae ee eee ee Peer ere Boston 
HAWKRIDGE BROTHERS CoO., L. D. Hawkridge, Vice-President...............s00. Boston 
HOUGHTON & RICHARDS, INC., George A. Mahoney, Treasurer... ...... ec ccccees Boston 
OD a i  nWesaibveedscceys Mot dita Boston 
McDONALD CO., P. F., P. F. McDonald, Jr. See eeiaies GAAS a: ally. wise ac. vuaeed 4, wor eC Boston 
E. P. SANDERSON CO., R. H. Sanderson, RS Oi ie. ss aio nds eeuenee Boston 
TRIMONT MFG. CO., Charles ©. Ely, eh .. oie tees vo he Re Boston 
UNION DRAWN STEEL EE ere eee re Boston 





UNITED SHOE MACHINERY CORPORATION.............. Roop Be geile .. Beverly, Mass. 
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BOSTON CHAPTER (Continued) 
ee a 66 0s a chs 8 96 80S CEN Sh EWES Ken ds eee 
WARD'S SONS CO., EDGAR T 
ee Me Cbs cine eae cce ees et te vevesetess 
WHEELOCK, LOVEJOY AND CO., INC 
ZURBACH STEEL CO., L. E., L. E. 


CHICAGO CHAPTER 
ACCURATE STEEL TREATING CoO., T. E. Barker, President 
AETNA BALL BEARING MFG. CO., G. W. Nordstrum 
ALLEN STEEL CO., INC., Edgar, George R. Bennett 
ATLAS FORGING CO., John T. Georgeson, Pres................. 
ATLAS STEEL CORP., Harry Hardwicke, Vice-president and Dist. 
CHICAGO NIPPLE MFG. CO., Walter McBroom, Treas 
COLONIAL STEEL CO., H. M. Bray, Dist. Mgr................-.. 
COLUMBIA TOOL STEEL CO., E. H. Pasmore, Mgr 








DANLY MACHINE SPECIALTIFS, INC., Philo H. Danly, Vice-Pres. 


GOSS PRINTING PRESS CoO., M. W. Brueshaber, 2nd Vice-Pres.... 
INGALLS-SHEPARD DIVISION OF WYMAN & GORDON CO 
Re ee EES EEE FETED COOk occ ccc wes ve retocicesecs 
KLOSTER STEEL CORPORATION, Einar Lindeblad......... 
LINDBERG STEEL TREATING CO., A. N. Lindberg, Pres 
Igtoese Gree, OO.. P. EB. Floyd, Dist. Mar. ..2...cccccecccac. 
McGILL METAL CO., Frank R. Schubert, Vice-President 
Pee mOnsOm TOG BARUENING OO... cccccccccccccccce. 
VANADIUM ALLOYS STEEL CoO., W. R. Mau, Dist. Megr 
WESTERN CLOCK CO., J. A. Reinhardt, Met..............6.. 


CINCINNATI CHAPTER 
ER ER 
ALLIS-CHALMERS MANUFACTURING CO... 
AMERICAN ROLLING MILL CO 
ey I an aa big Beale egies bNie 6 6 ee ¥s 
CINCINNATI BICKFORD TOOL CO., A. H. Tuechter, Pres.. 
CUES MEE SEMMMIEEIUES CIOs oc ccccccscecccensscences 
COLUMBIA TOOL STEEL CO., F. A. Terry, Dist. Sales Mgr. .... 
DRESES MACHINE TOOL CO., Charles E. Gilbert, Pres. and Gen. 
GRUEN NATIONAL WATCH CASE CO., Carl W. Bieser, Supt 
LODGE & SHIPLEY MACHINE TOOL CO., Fred Schoeffler 
Sifts an. digs o gieale od ae o SGN me oa¥d b- « 
TOOL STEEL GEAR & PINION CO 
U. 8S. PLAYING CARD CO 


BIDLE CO., W. 


CASE SCHOOL OF APPLIED SCIENCE, Dept. of Met. & Min. Engr.. 


CLEVELAND WIRE SPRING CoO., Chas. H. Erickson........... 
COLUMBIA TOOL STEEL CO., G. C. Beebe, Dist. Mgr 
DARWIN & MILNER, INC. Victor Tlach, Pres............... 
FARREL-OHEEK STEEL FOUNDRY CO., John E. Sweet 
FORD CO., J. B., C. S. Tomkins 
ee ae ee, 2 Oh uld och k e ala & 0a 66.§ oiktih ins * eS, s adres 
WHEELOCK, LOVEJOY AND CO., INC., E. C. 


DETROIT CHAPTER 
a re ee ak mde oa are al & bike ee oo 
AMERICAN OIL CORP., W. E. Callaghan, Secy............... 
ATLAS STEEL CORP., J. C. Gearhardt, Dist. Mgr. 
Cs so ee eae ee 6 Hh 6 bb Oa ewe eetee pass 
eee -., eeeeeeeee Oh. SB. A, TROWMMG. oc ccccccccccccscces 
CENTRAL STEEL CO., Arthur Schaeffer, Dist. Sales Mgr 
COLUMBIA TOOL STEEL CoO., Alex. Luttrell, Dist. Mgr 
DEARBORN CHEMICAL CO., C. I. Loudenback, Rep 
DRIVER-HARRIS CO., W. E. ‘Blythe, Dist. Mgr................ 
ELECTRIC FURNACE CO., F. J. Peterson, Sales Engineer 
oy t a RS Se ee ee ere eee 
3 ee ee ee OS eee 
GENERAL ALLOYS CoO., A. L. Grinnell, Detroit Mgr 
ee, ee e.g a Wao eee 0.400 00s 0 oes bee es eee 
Boake se OO... B. Ee Mitts, Gales Mar... ccccccccccseces. 
HOUGHTON & CO., E. F., H. E. Cressman, Dist. Sales Mgr 
ey SC ca Deed eeb ob dee bbe 6 oe nis yeu als oe 
HUPP MOTOR CAR CORP., F. E. Watts, Rep.......... 
KANT SKORE PISTON CO., B. J. Plumley, Dist. Mgr 
LUDLUM STEEL CO., J. E. Polhemus, Dist. Mgr............... 
MACKINTOSH-HEMPHILL CoO., J. A. Corfield, Dist. Rep 


SE EEE EID 4,4. 6. 0'0.0'00 6 0 cow eR a Ede VEM CCS Os oP eevewe cats 
ROCKWELL CoO., W. S., M. L. Hollister...... 


Bartlett, Dist. Mg 


PRs SS Oe oc ceccicdns oc ebeg ceases e rece esse seus 


M 


RODMAN CHEMICAL GO., G. A. Webb, Dist. Mgr..............-----+: 


ROESSLER & HASSLACHER CHEMICAL CO., Alfred C. Stepan, Dist. 


SWEDISH CRUCIBLE STEEL CO., H. K. Nixon, Rep 
WILFORD, J. W 


VANADIUM ALLOYS STEEL CO., A. F. MacFarland, Dist. Mgr..... er 
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KT. WAYNE GROUP 
INTERNATIONAL HARVESTER CO. ............-eeeeeee. ..Ft. Wayne, Ind 
GOLDEN GATE CHAPTER 
\MERICAN CAN CO., Oscar Malmquist, Supt. S. F. Mach. Shop.............. San Francisco 
\MERICAN FORGE CO., Joseph Eastwood, Pres.............. ..San Francisco 
BETHLEHEM SHIP BUILDING CORP., LTD., E. Essner..................0. San Francisco 


\TERPILLAR TRACTOR CoO., J. V. Munro, General Purchasing Agent San Leandro, Calif 
OLUMBIA STEEL CORP., William Cohn, Assistant General Superintendent. . Pittsburg, Calif 
,4LL-SCOTT MOTOR CAR CO., INC., Carl Valladao 


Peeters ea ; .. Oakland, Calif. 
EFWELL STEEL AND MALLEABLE CO., Theodore A. Haase .....8an Francisco 
IOHNSON GEAR eae bia a we ake oho eS & Mis be 6 3 8S .. Berkeley, Calif. 
TNAPP, J. Hay J. Be. Gememart, Mar... wes vicesvsccscses. ; ...San Francisco 
LUDLUM STEEL CO., George Batten, Gates. Maer... ..<<.ss.. ; ....San Francisco 


MACAULAY FOUNDRY CO., William Olsen, Superintendent... 
PACIFIC FOUNDRY CO., John S. Fowler, Metallurgist .. 
STOCKTON FIRE BRICK CO., V. R. Sullivan, President... . 
HARTFORD CHAPTER 
‘RPENTER STEEL CO., C. W. Olson, Dist. Mgr.............. 


. Berkeley, Calif. 
Fe ate eae ..San Francisco 
Stockton, Calif 


....Reading, Pa 


a ee a ae a aia ns Salen ee @ 4% Ske, oat ; Collinsville, Conn. 
COLUMBIA STEEL & SHAFTING CO., H. C. Booth, Rep .. Hartford, Conn. 
ye TT Tr nt ee ae .Collinsville, Conn. 
FIRTH-STERLING STEEL CO., Henry I. Moore................ wevccese ocaeeerOrG, OORR. 
PRASSE & CO., INC., PETER A., George H. Grundy... ‘ .. Hartford, Conn. 
HARTFORD CITY GAS AND LIGHT CO..............;. TTT... ..* % 
IARTFORD ELECTRIC LIGHT OO... .cccccccecess pF Ae wel a ds tke beta eam Hartford, Conn. 
McINTYRE MACHINE CO., John J. McIntyre............ ptarenaecnath ....Hartford, Conn. 
NEW DEPARTURE MFG. CO., L. A. Lanning............... ; : .....-+Bristol, Conn. 


NEW DEPARTURE MFG. CO. (Plant. A), Carl Andersen... 


oe ....Bristol, Conn 
NEW DEPARTURE MFG. CO. (Forge Plant), William Klenk: 


...+Bristol, Conn. 


NEW DEPARTURE MFG. Co. (Plant C), F. Casey............ we eeee eee bimwood, Conn. 
NEW DEPARTURE MFG. CO. (Plant C), W. E. Steinreich... ...e.++-Meriden, Conn 
DEAD Be ee i, bea aia & «cain Shes ous 6 ee Sie ole a <u brace eet wegen’ Hartford, ;Conn. 
ROOK Wits St NEE Pn vo cc i wcus ce eessnavesscectene = iy. atseaepade Hartford, Conn. 
HENRY SOUTH PRIPtReeeeRING O00... cccccic ccc cccccccess ee Pe Hartford, Conn. 
ga A ge ot I re Hartford, Conn. 
STANDARD STEEL AND BEARINGS, INC., James E. Melson, Gen. Supt.....Plainville, Conn. 
STANLEY WORKS, Malcolm Farmer, Vice-Pres. and Gen. Mgr....... ..New Britain, Conn. 


UNDERWOOD TYPEWRITER CO., INC 


PPE ET eee eee ae VeTertreTT;. ... ass 
UNION DRAWN STEEL CoO., R. K. Newman, Secy............ ag ...Hartford, Conn. 


WHIPS Be es ee e CRIO, Mckee cde eise ces cesannscewssces Hartford, Conn. 
INDIANAPOLIS CHAPTER 
AD Sa I cate ciclo oo wake Urea dio8-4- 800 0.60 eames 0% Ke a siy eee wae Indianapolis 
aN AD OO i Ee ee ee ee ee ; ...........Indianapolis 
ARPENTI WpeeeeMtes te. O. DOVOR Sc ci esc wc esc cwecsccecs cla Cnaeiube Wie See Indianapolis 
RUCIBLE STEEL CO. OF AMERICA, C. W. Mayer, Dist. Mgr. ..._.......... Indianapolis 
GENERAL Alger eee eects Mu Te ROORUM, TOUTE. BEE. 6 cc ccc cee ncencssvece 0 4016-6566 ee 
J). W. MULL, JR., General Manager J. W. Mull, Jr. Co..............25. ....Indianapolis 
OSS GEAR & TOOL CO., David E. Ross, Vice-Pres. and Gen. Mgr.......... Lafayette, Ind. 
LEHIGH VALLEY CHAPTER 
BE gcc uC Ww cn en 6 seb tab Sie seeds eae ae es anaes Bethlehem, Pa. 
CARE E GES SEE INS yn Whh ob ok bien Oe OAR SelWe whe ese 40 60 ee 58 .....Reading, Pa. 
INGERSOLL-RAND CO., G. M. Forrest, General Superintendent........ Phillipsburg, N. J. 

















AXELSON MACHINE CO 


ee Sal ene ae Ewa We Ew URES We Rb WA MCDA es 6 wwe ......Los Angeles 
RUG, Re Me OE GEOMEUER (Gis 6 cc k cece ecccccievscctecesuce Los Angeles, Calif. 
BRAG E, CO, Sesh nhl och bb bb O8b5.5.66 60 00 w 0s Be 6 08) 6 ee eS ee Los Angeles 
LOUDER Sema ei ee ee I UU, Rn cieicinis we cee ccwesceeeesee siewen Los Angeles 
ba A Ee are San Pedro, Cal. 
WESTERN MACHINERY WORLD,, M. ©. Smith, Rep............-cccccccvccees Los Angeles 
MILWAUKEE CHAPTER 
Ue Pe Se ccc eccnaceccececcesscesecueus Milwaukee 
HOUGHTON & CO., E. F., H. G. ON Sa ee i oto SG ......+~.Milwaukee 
aoe ee Se ee eee cece cc es 6 Oe 
WESLEY STEEL TREATING CO., Charles Wesley, Sr., Pres........ sete eee anreeemnee 
NEW HAVEN CHAPTER 
BELLIS HEAT TREATING CO., Major A. E. Bellis..................005: New Haven, Conn. 
ey Ce es nclnwbebeccscnccenepecees Waterbury, Conn. 
Ce cc edewdeceseeccesconeses Waterbury, Conn. 
EASTERN MACHINE SCREW CORP., T. W. Ryley, Treas............. ..New Haven, Conn. 
FARRELL FOUNDRY & MACHINE CO., INC., Carl Hitchcock, Asst. Secy......Ansonia, Conn. 
ee en las 6 oe eke bhingue esses bso esee-s New Haven, Conn. 
HEPPENSTALL FORGE & KNIFE CO., C. J. Sauer, Gen. Mgr.......... ... Bridgeport, Conn. 
MILLI RS FALLS CO., W. H. Shortell, Factory Mgr.................08: West Haven, Conn. 
NEW HAVEN CLOCK CO., W. E. Chamberlin, ‘Supt................ceeeeeees New Haven 
Y. K. TOOL CO., R. S. Young, Metallurgist.........ccccccccccccccevecces Shelton, Conn. 
PGR, OU a hh haa kpk ocd sbieaiciesacscsccceees New Haven, Conn. 
SOUTHINGTON HARDWARE CO., William FE. Smith, Gen. Mgr.......... Southington, Conn. 
WALLACE & SONS MFG. CO., R., C. D. Morris, Superintendent........ Wallingford, Conn. 


WINCHESTER REPRATING ARMS CO.........ccccccccccccccccccccees New Haven, Conn. 
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NEW YORK CHAPTER 
AMERIOAN GAS FURNACE CO 


“TTERUT CUPP CUAL T ETE, TT CTE - 

a in ance chbdn ibe beneessMhCALneees >> o* oe N Ci 
CLIMAX MOLYBDENUM CO., J. D. Cutter, Vice-Pres. and Metallurgist......New York 4, 
CRUCIBLE STEEL CO. OF AM., E. C. Collins, President.............. ~» New York cin. 
CRUCIBLE STEEL CO. OF AM., Alexander T. Galbraith, Mgr. of Sales......New York A: 
ee A ey cae eebeaesébecéoes New ” Oe 
DRIVER-HARRIS CO., J. B. Shelby, Sales Eng............ceescccccseees Har N 
FIRTH-STERLING STEEL CO., Donald G. Clark..................4.. .N ( 
oo SE Se Do SR ee a er oe ee a OT Cs 
rr ie i ee nL 5 soos 0 Cobbs oa oe KS CES Oe Oe New } Ci; 
INTERNATIONAL NICKEL CO., A. J. Wadhams.................. .” Cs 
es Cin 6s ow kip o.8 MARIE W ae & de. €' 6 New ( 
REPUBLIC FLOW METERS CoO., Frank A. Hall, Sales Engr........ New ¥ Cae 
i oi i i CEE, ccc cbind sé éeases be ele eee cece . .Nev Os, 
RUSSELL, BURDSALL & WARD BOLT & NUT CO., Wm. D. Rigney....Port ©) - 
SURFACE COMBUSTION CO., Paul Dorchester, Rep................ ia aoe \ Ci 
UDDEHOLM CO. OF AMERICA, N. A. V. Paulsson............ cece eeeeceel J 


NORTHWEST CHAPTER 


Reeeeenes Sees OS TIO, Oo vse ctc ce sisewcccccgiowets secs St. P Mint 
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PHILADELPHIA CHAPTER 
AJAX ELECTROTHERMIO CORP., G. H. Clamer, Pres............. ... Trento 
rr ne, i, ow. be baie deo mei hee oo 6 e606 8 6.00% 0.0 PI 
AMERICAN ENGINEERING CO., H. A. Peck, Rep 
ann 6 lng oem a wah ew OE Ce eee n ee VaR seeks 
AMERICAN RESISTOR CORP., J. A. Steinmetz, Pres................ 
ATLANTIC REFINING CO., R. D. Leonard, Vice- Pres. and Gen. Mgr. 
BROWN INSTRUMENT CO., George W. Keller, Sales Mgr 
BUDD MANUFACTURING CO., E. J., Wm. J. Meinel............. 
CANN & SAUL STEEL CO., David 8S. Cann, Pres................. 
CARPENTER STEEL CO., H B. Gaylord, Dist. Mgr................ Philadel; 
er re WO CM Biles ccecbceeeeeeccescet ceces .. «Philadel 

P 

I 

| 


DISSTON & SONS, INC., HENRY 
EDGCOMB STEEL CO., INC., C. H. Storm 


EINWECHTER & WYETH, N. C. Einwechter 





ee ee re, Os EE, cg ohne 0.40 0106 Ob ee ee we we Doce ee ses Phi delpk hia 
FLORENCE PIPE, FOUNDRY & MACHINE CO.................. ‘ Flor N 
FOX AUTOMOTIVE CORPORATION, Fred Henke.............-eeeeeceeees "Phi ladelpt 
Pee Ge Grek, Weems BB. By BeBe wcccceccccccccccscccccces . .Philadelp! 
HOUGHTON & CO., E. F., Charles E. Carpenter.................-. P} lade 
JOHN ILLINGWORTH STEEL CO., Clarence Illingworth, Pres...... Fran 1, Philadel 
KEYSTONE LANTERN CO., Nathan H. Davis, Treas............ Philadelt 
EE Ee ak nih emi wae -b. be: 6 Re ooh a 6 Oa a Es StS 6 00-0.0.0 mO0 Seems ..-Philadely 
ls at Cad ew See oe ele o.0.0'9 Ss biemie'eiae 3 . Philadel 
rr nL cc akan 6 case bh bee a ece cae ae ee eee Philad 
Re Sn GE BME. ccc c cts cee scnccetessaseccetesecee Nicet I i 
MORRIS, WHEELER & CO., INC., A. A. Ziegler..............5.. + Phil : 
PETROLEUM GAS EQUIPMENT CO., WwW. &. Aylesworth, Pres........ . » Philadelphia 
ce i Fe Tere ee eee ...++++-+Philadelphia 
PHILADELPHIA ELECTRIC CO., OC. E. Russell, Industrial Heating Engineer. ...Philadelphia 
POTTS & CO., HORACE T., Arthur L. Collins. ..........ccceccceces . . » Philadel] 
PUP EAeeee, Bites Wilke BD TEARVIRE cc 'cccccccccvceveccéscceccess . .Philadel Iphia 
RUAN @ CO, Fs See MOWER We Wille cc ccccccccccccces nities ee 4 . . Phi ladelp 
rr er Ch, . 4c bn dep bass pebdovbeessessersedeees . ses Bridgep , Pa 
Seer near « OOL, A. B Ball... ccccccccccccscces ier seats adel phia 
eee ees Ge meee OOO. EE. TB. -PAPMIGOR. wc ccccccccccccccees , . -Phil 

a EE. Es gece cbeeeecececscrecenterescesorees : Phi la i 
WIEDEMANN MACHINE i POE occa ce cscs eV earn vecnesecoccens Philad ol 
WIRZ, INC., A. H., A. H. CR re le a UE a ale a a .««++~Chester, Pa 
WwooD IRON AND STEEL CO., ALAN, Ledyard Heckscher, Pres. ...........- Philadelphia 





PITTSBURGH CHAPTER 





BACHARAOH INDUSTRIAL INSTRUMENT ©CO., L. L. Vayda, Rrepresentative. ... Pittsburgh 
eS ee Ms sg nonce bc 00 00.es ce beeehwbseceerececccccs B eburn Pa 
COLONIAL STEEL CO., Charles M. Brown, Pres...........-25eee0:: a. ittst rg 
ee a ee ian doe aa 0 6 esis Hd NB er ecgeeee ...MeKeesport, Pa 
FISHER GOIENTIFIC OO., E. H. Figher, Pres... ...cccccccccccccccvccccvcees Pitts! r6 
es ED OS EIEIO a oc ccc c ccc ccs teecccccccccccens eee . - Pitts rg 
BOUGe TO & OO., B. Bin Be. W. DFustheO. occ ccvcccccccscccvccvcccvccces Steubenvi » © . 
HOUGHTON & OO., E. F., David J. Richards... ........ ccc cece ecccerecereees a, 
SORT G TAG «TMs. CO. oo cic ccc ccc cece cc cece ccccesccesecccccccccess Pittsbare 
EA RR GIT ile Ga. oc ccc cece cc ccccccccsccctccseecevccscccces a robe, Pa 
Saree ees OO., Mi. A, Mee. PIB. cc cc cccccccccvcccceccces ee .  Pitteourg 
MATTHEWS ©O., JAS. H., H. R. Wade, Supt..........eeeccceeeecces aka e a ore mt 
DET BI TOREME GO. ccc vccccetnccccscvecccccvnscccccaccccces: P a 
UR. on... nn cba PW hOT Se sb Oe SOS ET CMEC CEMETT ECC OE OS® a Pitts re 
NUTTALL & CO., R. D., W. H. Phillips, Rep.........ccccccccevene: tea cho 
OLIVER IRON & STEEL CO., James C. Rea, Vice-Pres........--+++++5: Ancwem r 
PITTSBURGH ROLLS CORP., S. Snyder, Vice-Pres.........---+++55> vebne eo 
PITTSBURGH VALVE FDRY. & ‘CONST. CO., J. LeRoy Tanner, Gen. Mgr....- aia 
RODMAN CHEMICAL CO., Hugh Rodman, Fres Sr dkneoeds aeudvens eee eee Pittsburg? 
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ADVERTISING SECTION 


PITTSBURGH CHAPTER (Continued) 


(INION DRAWN STEEL CO., J. D. Armour, Metallurgist............ ...Beaver Falls, Pa. 
UNION STEEL CASTINGS in on 640d ee bale Ses seeees eee cece eeee reese eeeseess Pittsburgh 
mNION SWITCH & SIGNAL CO., 0. W. Buenting, Works Mgr............... Swissvale, Pa. 
UNITED ENGINEERING & FOUNDRY CO., F. C. Biggert, Jr., Pres.............. Pittsburgh 
HNIVERSAL STEEL CO... 2... eeceeeeesesesereceeeess ear aieders ..+..Bridgeville, Pa. 
VANADIUM-ALLOYS STEEL CO., Roy C. McKenna............ rere Latrobe, Pa. 
vANADIUM CORP. OF AMERICA, B. D. Saklatwalla, Gen. Supt...... ... Bridgeville, Pa. 
VULOAN CRUCIBLE STEEL CO... see cece cece rene ence eeernneans ....+..+-+Aliquippa, Pa. 
WESTINGHOUSE tee? OS MEU, GD, 6006 40454 00460.8 Cece rues .E. Pittsburgh, Pa. 


RHODE ISLAND CHAPTER 


ONTINENTAL WOOD SOREW CO., P. Sweeney, Treas. and Gen. Mgr..........Providence 


ROSBY CO., J. D., Robt. G. Ashman, Gen. Mgr..........0....e ees '... Pawtucket, R. I. 
fFALES & JENKS MACHINE Co., L. K. Armstrong, Asst. to Mgr.......... Pawtucket, R. I. 
WASHBURN WIRE CO. ..ccececncccccccccccecsevceeeveesesess .....+Phillipsdale, R. 1. 
ROCHESTER CHAPTER 
BAUSCH & LOMB OPTICAL CO., W. L. Pattergon........ ce eeeeeeeececnes Rochester, N. Y. 
YORTH EAST ELECTRIC CO., T. L. Lee, Chief Engineer ............ .Rochester, N. Y. 
STROMBERG-CARLSON TELEPHONE MFG. CO., W. Roy McCanne........Rochester, N. Y. 
rAYLOR INSTRUMENT COMPANIES, P. R. Jameson, Supt...... a ... Rochester, N. Y 
ROCKFORD CHAPTER 
BARBER-COLMAN CO... ..ccccesccccecsccceceesseseees : See ee ae Rockford, I] 
FCO TOOL & SCREW CORP., H. O. Swanson, Secy............. cc0vscc ces aan 
MATTISON MACHINE WORKS, ©. L. Mattison............ 6 ein le ib 686 a, 
MROHANIOS MAOBINE 00... csccccvcccccccseccccccccccces cine. be Giel rae Rockford, 11] 
NATIONAL LOCK CO., F. G. Hogland, Secy............. ik iPad oh. are canoe ase ei Rockford, Il. 
ROCKFORD ELECTRIC CO., Roy H. Larson, Power Engr. Sales.............. Rockford, I) 
SOC GE EEE OND 6 ce vinncdcecccosettanceeceseces oven Rockford, Il. 
vie te. oe i Cee Big Sie We iate ue Rockford, Tl 
VATES AMERICAN MACHINE CO............ccccccceseees ~~ eaaeeees Beloit, Wis. 
SPRINGFIELD CHAPTER 
AMERIQAN WOE BRUTE CHEE ccc wescccceveseccececs ; : ; . Springfield, Mass 
SPRINGFIELD GAS LIGHT CO., E. L. Woods, Ind. Gas Eng..............Springfield, Mass 
ST. LOUIS CHAPTER 
are he A rr re CR, | I a dd chek ape b eh bee’ od Odo 88 wie brecelecele St. Louis 
CURTIS & CO. MFG. CO., F. Ackerman, Vice-Pres. and Wks. Mgr................. St. Louis 
LACLEDE GAD Tare GC, We Eee WiTOROMe cc ce ceec cn cccccccs San ae etree St. Louis 
LAC Sr e.g ls wb bee eee ese eaeeeeeees ok age ea Alton, Il. 


Lee 2 en ee, a, EE... pct dsecteceecessececeeneeeséweuas St. Louis 
NATIONAL ENAMELING & STAMPING CO., G. H. Niedringhaus, Wks. Mer. .Granite City, 1. 


SCULLIN STEEL CO., H. E. Doerr, General Superintendent.............. St. Louis, Mo 

UNION ELECTRIC LIGHT AND POWER CO., 312 No. 12th St., T. S. Carter, Industrial 
eR eo ee ee ee ee (eiatvcaeaea St. Louis, Mo. 

WEST CORee ee kg Me Me Me erect ewcccewcciecens pescenscc Re BIO, EL 







BROWN-LIPE-CHAPIN CO 
HALCOMB STEEL CO 


eas ah hk akon Oeb es .Svracuse, N. Y. 


LL Path hats oh S60 664 64 eS FOROS OO cs .... Syracuse, N. Y 
NEW PROCESS GEAR OCO., INC 


eae cena shed ce 6 ak bo Xe 4 6.0.0 ale's eb. wen Syracuse, N. Y. 
TORONTO CHAPTER 

PRODUCTION MATERIALS, LTD., 163-187 Dufferin St. ........... .. Toronto, Canada 
TRI CITY CHAPTER 

BETTENDORF CO., J. W. Bettendorf, Pres.......... qe Bettendorf, Ia 

DEERE & CO., H. Bornstein, Rep...........e-0- SMe Airlie an Wek ha ao or alent Moline, Il. 

FROENOG & Fis sivas ae paciebine ovee tie serecevesovcecs Sr . Davenport, Ia. 

MOLINE PLOW CO., INC. PLOW WKS., A. C. Blair.... hark querecs a wer:0UlUllt(“( ‘CS 

MOLINE Tes Gea We We SUG: PUG ccccwceecccecece paige sek ai ec Moline, Il. 

JB Re) Ae er rrr pedals Sell 

ZIMMERMAN STEEL CO., A. K. Reading, Mgr............0ceeeeeeees ....Bettendorf, Ia. 

WASHINGTON-BALTIMORE CHAPTER 
BLACK & DECKER MFG. CO., A. G. Decker.............. ' ..+++++-Baltimore 
DEARBORN Gime CE. Ge ©, BUM, occ ccc ccccccc cc cere cccscvns ...+Baltimore 


GATHMANN ENGINEERING CO., Emil Gathmann, Gen. Mer. 
WORCESTER CHAPTER 


....+-Baltimore 


AMERICAN STEEL AND WIRE CO., R. OC. Helm......... ... Worcester, Mass. 
BALDWIN CHAIN & MFG. CO., W. H. Gates, Jr., Prod. Mgr..............-- Worcester, Mass. 
BATH & OO, Foe, en IS PH. oc cc ccccccccccccccces “ ....«.. Worcester, Mass. 
BOSTON PRESSED METAL CO., R. M. Cook.......... See caweha .... Worcester, Mass 
HEALD MACHINE CO., A. A. Whitcomb, Wks. Mer.............-- .....+ Worcester, Mass. 


LAPOINTE MACHINE TOOL CO...........0eeeeeeeeee re re Hudson, Mass. 
LELAND-GIFFORD ©O., A. J. Gifford reer . Worcester, Mass. 
MORGAN CONSTRUCTION CO., 0. W. Johnson, Supt.... ....+. Worcester, Mass. 
NORTON COMPANY 


ad teh db acne ge Cees 6% dees v¥ies ..seseses Worcester, Mass. 
ROOKWELL CO., STANLEY P., Wm. A. Stumpf.................000eeeees Worcester, Mass. 
WHITINSVILLE SPINNING RING CO., 8S. F. Brown, Agent .... ....Whitinsville, Mass. 
WORCESTER GAS LIGHT CO., R. J. Phelon, Ind. Gas Engr.............. Worcester, Mass. 


WYMAN-GORDON CO 


i tee aes eee eee ee es eee nrbe ...+. Worcester, Mass. 
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AMERICAN SOCIETY for STEEL TREATING 


BOARD OF DIRECTORS AND OFFICERS 


R. M. BIRD, President 
709 Beacom Lane 
Merion Station, Pa. 
J. F. HARPER, Vice-President 


Allis Chalmers Co. 
Milwaukee 


wade wet lale tes bie asad 
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H. EISENMAN, Secretary DR. ZAY JEFFRIES, 


4600 Prospect Avenue Research Burea 
Cleveland Aluminum Company of Ame: 
Cleveland 


DIRECTORS 


S. BIDLE, Past-President 
W. S. Bidle Company 
Cleveland 
R. G. GUTHRIE F. G. HUGHES 
Pecple’s Gas Light and Coke Co. Vice-President, New Departure Mf 
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For Small Brass Forgings 


WELL known hardware manufacturer uses this Hoskins 
Electric Furnace for heating small brass blanks to a 
forging temperature. 


One of the Executives of the company says: “Due to the fact 
that the blanks must be heated very close to the melting point, 
many blanks were ruined, because we could not control the 
temperature of our gas furnace closely enough. 


“We installed the Hoskins Electric Furnace because it can be 
closely controlled, and because of absence of scale on the 
blanks, which is very important. The economy of operating 
this furnace is in the quality of work.” 


You will find other interesting facts in Catalog 50-S. 


Hoskins Manufacturing Co., Detroit 
4437 LAWTON AVE. 


SALES OFFICES: 
New York Boston Cleveland Chicago 
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Originators and Manufacturers of 





ADVERTISING SECTION 
BOX BULLETIN SUPPLEMENT PAGE ] 


“ALLOYS 


STAND UP UNDER FIRE 





BOX BULLETIN 


Published by 
General Alloys Co. 


Edited by 
H. H. HARRIS 


Hoskins 
ks to a 


» the fact 
ng point, 
ntrol the ee 

“You have not read 
Transactions until 


you've read_ The 


BOX BULLETIN” 


it can be 
> on the 
yperating 


0-S. 





Detroit 








ae | 
Cas a a 


al 


CTE TAMRON 


When writing to General Alloys Company please mention TRANSACTIONS 








er eRe ROR ee eae 


Amen. pn tah taille whet SIGs ext 


Bee 


TRANSACTIONS OF THE A. 8. 8. T. 


BOX BULLETIN SUPPLEMENT PAGE II 


SRE STE GE Oe a NES - 
A ek RENEE 


| TD Te eas 


M 


Band Bodh ne 


Wks 2 Sw v Vy 


NAME IT YOURSELF 


S IME of the Weary Readers of this blatant bleat wrote in the othe 
and said in effect “We know all about your dern alloy, we're all usi 
it—can the sales talk and give us a laugh?” Not being able to fill th 
order from my scholarly and well ordered mind, I turned it over to HH 
Chase, who took up his able pitchfork and wrote some hokum about Flori 
in the May issue. The protests are pouring in, so for a change I'll ret 
some smoking car scandal from the Toonerville trolley, not at thi 
having an original thought. 


The gentleman with the mauve spats: “Union labor has had two 
stiff jolts lately, one when the British Lion dampened the miners’ pera 
and recently when Dickey Byrd hihated the Esquimox on an open sh 
basis ...... yes, even the Arctic and Antarctic are highly union 
Read your history,—you’ll notice how these professional p 
hunters worked. One guy would go so far,—but not too far,—and th 
come home and write a book telling what a big guy he was. ‘The nex 
plorer would go two hurdles farther than the last,—but not too far, 
on indefinitely. This proceeding has gone on for three generatio! 
is rumored that Peary found the Pole accidently,—he lost his bearings 
and actually went there. Press associations have paid the big end 0! m 
of these “expeditions,” making fabulous profits selling the “story” 
papers. Pole hunting has been highly unionized, in fact you had 
union card to sit in on the game. Then along came Commande! 
Byrd, of the U. S. Navy. Dick was strictly non-union, in f: 
scarcely an apprentice. [Edsel Ford, and John D. Jr., bot! 
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Dick went to the Pole, a round trip in 15 hours, without 


sowing about the union rules, IXxtremely careless of Richard! The Pole 


bAby 





snow On an open shop basis.” 









fhe Klux und Suits Salesman and his Boy Friend: “Say Abe:—I hoid dat 


our brudder made fifty tousand dollar in Miamy in der real estate busi 





ss.” B. F. “Dat vos only bartly korrekt, Benny,—dat vosn’t my brudder, 
at vos my kosin Jake,—und,—it vosnt in Floridy,—it vos in Californy, 
it vosnt real estate, it vos delicatessen,—und,—it vosnt fifty tousand 
iollar,it vos five tousand dollar,—und,—he didnt make it, he lost it. 


it vassent his money, it VOS my money, ( bY, toy. t)yv. [7 





fhe Doctor: “If I live twenty years longer, I expect to live anothe: 


hundred,—the progress of medical science promises the solution of 























LF 


a the other (lg 


longevity, and the Fountain of Youth may be in every hospital in the 


| 





ee 


The Metallurgist, (in answer): 





Yes, I'll grant that the medical profession 

were all ui, , : > eee a 
| a_ done much to increase the span of life, decrease infant mortality, and 

able to fil t ; ; nie i oa ct 

atch up the human race, but you’re naturefakin’ Doc, and the “Improve 


it over t H 99 + . : : : 
: ments’ you effect in one generation, the weak impotent individuals 
n about flor : 7 , . , ” ae” ae 
| rr tched up” and kept alive by medical skill, will have offspring of inferior 
ange | ll ret ‘ iis es é Tyee eae : 
o physical and mental ability unfit to cope with hfe”... ... Nature in 
at the momemiy, sor 
her wisdom destroys the unfit, thus keeping up the stamina of the breed. 


1) 


Pilgrim fathers, the warriors of old, were “He” men primarily because 


they were good animals, sound physically and mentally; they were the 


ud ae oggo@ittest” who survived. The “Bad Kegs” and the broken ones are sorted 
miners Pe“iom the sound by the hand of Providence. Putting them back into the 
MW an open sii sket, with minor repairs, but temporarily defeats the intent of nature, 
ghly union tthe lot is often contaminated. The “Monkey Gland” Centurians will 













rofessional pi 


| 


loubtless rear half wit progeny,—or maybe 7/S (these won't Iury () \lloys) 





» far.—and th 


oo * » next mC . : . me ; 
. The Ihe Statistician, (with a philosophy): “The Power developed in the com 


bustion of one pound of coal is equal to 11,580,000 fi ot pounds, We can 
yet utilize only about 1,500,000 foot pounds. ‘This is the amount of energy 


too lar, 

generations 
a pearls GiMexerted by an average man in a day’s work. Hence 300 pounds will rep 
F on : ‘ita man’s labor for a year. ‘The world’s annual coal production ex 
reeds 500,000,000 tons. If half of this coal 










j POeS hor work we have 
ur fad to ta\ 


os Bagproximately 1,600,000,000 man-powers that are producers but not con 
— Richi ‘umers, Such is our “Fuel Power.” The World has approximately 
in pat 1,600,000.000 people; a wealth of approximately $357,000,000,000, which 
poth nom presents dead men’s work, and fuel power equal in work to our whole 
ACTIONS 








W hen 





writing to General Alloys Company please mention TRANSACTIONS 
















TRANSACTIONS OF THE A. 8. 8S. T. 


BOX BULLETIN SUPPLEMENT PAGE IV 





living population applied annually. For simplicity say $35.70 is | 
living expense per annum for each of the worlds di we wil 
(1). 1,600,000,000 living men. (2). 10,000,000,000 living man-powers , 
dead (wealth). (3). 1,600,000,000 fuel man-powers. So we see the y 

populated today by three different populations, all of them dynamic , 
active. Here we have a problem of enormous magnitude. Tyo ian 
1,600,000,000 living men, we have 11,600,000,000 dead man-powers and al 

the reserve of fuel powers,—or SEVEN SERVANTS TO EAC H LI\ ING 

MAN, WOMAN, AND CHILD. It looks like the millennium, doesn’; ; 


ue aver 


+} 
Lug 













THE ENGLISHMAN: He didn’t say a thing, but sat there fingering 
monocle. “What’s that guy wear the third eye for?” asked the brakem 
the porter. “Well suh ah reckons mebbe he wear dat air winshield so 
wont see mor’n he can understan’ at a time, suh,” observed the port 




















Then we all got off at St. Thomas for some Canadian 4.4 beer that shou! 
make seven generations of honest brewerymen turn over in their 


Returning to the car to resume our journey, the Englishman seemed in ; 
more affable mood, he was reading a headline in a Detroit paper about out 
immigration troubles, and observed cheerfully “Hi si bys, you himaricans 
ave your troubles, dontcha know, maintainin’ this ere ‘Meltin Pot’ with 9 
varieties. Over ’ome we ’ave our troubles with only three races,—Th¢ 
Scotch who pray on their knees and their neighbors, the Irish who don’ 
know what they want, but are willing to die for it, and the English who ar 
self made men and worship their Creator.” Just then another [:nglishmat 
who had entered socked him with a beer bottle, and we sought ou 
berths in the scuffle. The Monocle will be exhibited at the A. S. S. T. Show 
in Chi. 






Maybe there’s a laugh or a thought, in the above, if you laugh and thin! 

maybe this high pressure work getting out the best alloys possible 1s tur 
ing me a bit goofey, anyway, here’s “Exhibit A” and “What ever you sa) 
may be used against you.” 


When writing to General Alloys Company please mention TRANSACTIONS 


ADVERTISING SECTION 


BOX BULLETIN SUPPLEMENT PAGE V 


wel S and; 


ae LIVIN 


fingering 
2 brakem 
shield so as | 
e porter 


er that shoul 
. thei 


n seemed 


Ta Ve 
orave 


iper about ou 
ou himari 


Pot’ with 5] 


es al OIL BURNERS 
ish who don 4 : 4 
nglish who aré 


er Englishmat ECENTLY we attended a convention of oil burner manufacturers at 

re sought ou Detroit, accidentally dropping into their exhibit at the Book-( Cadillac. 

ec T Shows Ve did not solicit business, but we did notice that there were a number of 

— domestic oil burners shown that spell G-R-I-E-F, to the unfortunate people 

who buy them because of cheap inferior alloy fire pots and alloy baffles sup- 

plied as standard equipment. Some of these ‘‘ Alloys’? were merely silicon 

h and think, off™meast iron, others were undependable varieties of high chromium steel, others 
ossible is turn the high iron variety of ‘‘Cheap”’ alloys. 


t ever you Sai The steel treater has learned the costly lesson of buying ‘‘Just as vood for 


half the price’’ substitutes for Q-Alloys. The vitreous ename ling industries 
are just cotton their eye teeth, (the Q-Alloy pointbar burning rac ‘+k business 
has increased TWELVE HU NDRED PER CENT in twelve months). We 
iln’t solicit burning rack business, until Q-Alloy cast rac ‘ks had outlasted 
the best rolled and forged pin racks of our largest competitor THREE-TO- 


ONE. Within this year we will have 80 per cent of the alloy burning rack 
business in the world. 


We are not actively soliciting fire-pot business,—But,—if you buy a domestic 
ol burner, keep both eyes on the fire-pot, and demand a two year’ written 


glarantee,—or a Q-Alloy fire-pot, for we do not want any steel treater 
‘ting again on ‘‘Cheap”’ alloys. 
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Keyed to the Rails 


HESE boxes are almost identical with a large order supplied 

1920, and still running. The only change is in the method 
keying them to the rails in the continuous furnace. This style 
“tongue and groove” seal, providing for pressure sealing original 
is now being used without luting of any kind and is functioning “l\ 
per cent.” “Soft spots are unknown with our Q-Alloy boxes,’ t 
superintendent advises. 


The cored-out lugs shown are specially chilled to remove porosity, a 
are so strong that a case of broken lugs is unknown in this plant. 
The customer using these boxes can buy other alloy boxes far “cheape 
elsewhere. In fact they have tried it on several occasions. That fi 
alone has helped account for over THIRTY-FOUR REPEAT ORDEI 
FROM THIS CUSTOMER. 


If you need rails and boxes that work together harmoniously,—in fa 
if you would preserve the harmony of your heat-treat, specify 
best. “The top of the ladder is never crowded’”’,—in this case 
ISOLATED, for Q-Alloy quality stands ALONE. 


When writing to General Alloys Company please mention TRANSACTIO‘> 
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MACHINE. PRECISION IN SAND 


HE largest manufacturer in the world of automobiles costing over 
four thousand dollars has some original and very definite ideas 
about packing pots,—not only carefully, but accurately. 


rdinary flue-type pot designs would not meet their requirements. 
hen our engineering department was consulted, and the above pot 
is the result. Patents are applied for on this interlocking construc- 


tion—but patents, or no patents, there is no danger of successful 
Imitation. 


Foundry practice, the finest yet achieved in heat-resisting alloys, has 
made these “interchangeable, interlocking unit” pots. Note how the 
chimney, or “flue” is removable by a simple movement, yet maintains 
alignment during use. 


{you want better results, and special equipment designed to fit your 
problems will help, it will pay you to consult us,—we may find facts 
and figures in our extensive experience to help you,—maybe we will 
oth learn in whipping your problems together. WHY WAIT? 
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Three Piece Boxes May Do You No Goo 


AND then, again, they might. In some plants they would be 
a nuisance, unwarranted, and unwanted,—but somebody 


wanted these, and they were designed to meet a special require- 
ment. 


These boxes can be dumped, and reloaded while hot, on the 
switchback of a counterflow furnace, and possess certain definite 
advantages. ‘These have been carefully tabulated from use, an 


the whole story of three-piece boxes is available for the benefit o! 
the industry. 


Certain features of these new type boxes will be fully covered by 
patents, and backed by a maker capable of defending them. 
NO PATENTED FEATURES OF ANY Q-ALLOY DE- 
VELOPMENTS WILL EVER BE ADDED TO THE 
PRICE BUT ARE INCLUDED AS A PART OF THE 
Q-Alloy service. 
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nes «ll DO TON-MILES COUNT? 


tain definite 
om use, and 


— innocent looking ANNEALING BOX posed for its photo en 
route to one of the largest ball bearing plants, where it will be 
called upon to equal the results of its predecessors, — pay dividends to 
its owner,—and incidentally save enough TON-MILES to set up a 
substantial CREDIT. 


| ny Translate Ton-Miles into Foot-Pounds, if you wish, and then figure the 
ULO} | “BH ving in handling from 20 to 40% less weight, every time a box is 
TO THE m ved into the furnace, out of the furnace, and around the heat-treat. 


‘ OF THE Then figure the FUEL SAVING,—and finally,—the CASH REBATE 
FOR SC RAP. 


he benefit of 


VY CO\ ered by 
them. 


TIONS When writing to General Alloys Company please mention TRANSACTIONS 


















[TRANSACTIONS OF THE A. 8. 8. T. 
BOX BULLETIN SUPPLEMENT PAGE X 


Ww ) 1\\\ | Fe 


| STAND UP UNDER FIRE 


Q-ALLOYS 


Most Economical and 
Efficient Materials 
For CARBONIZING BOXES 
ANNEALING BOXES 
CYANIDE AND LEAD POTS 
FURNACE PLATES 
MUFFLES AND RACKS 
TUBES AND RETORTS 
CONVEYOR FURNACES 
GLASS ROLLS AND DIES 
ANY PARTS 


operating between 1000°F. 
and 2200°F. 


GENERAL ALLOYS COMPAN 


BOSTON—27—MaASS. 
CHICAGO BOSTON NEW YORK 


122 So. Michigan Ave. 168 Dartmouth Street 26 Cortlandt Street 









DETROIT CLEVELAND INDIANAPOLIS 
General Motors Building 2281 Scranton Rd. Merchants Bank Building 
ROCHESTER TORONTO ST. LOUIS 
921 Granite Building 191 Adams St. 1517 Olive St. 

CINCINNATI 


1620 John St. 





When writing to General Alloys Company, please mention TRANSACTIONS 


ADVERTISING SECTION 


AMERICAN Electric 
RECTANGULAR POT FURNACES 


STOCK SIZES 


Size of Pot 


Outside 


Dimension 


K.W. | Lgeht. | Wdth. | Depth. Capacity 


20 18" 7" 150 lbs. per hour | 48"x42"x34" 
30 2 2 250 lbs. per hour | 54 x42 x34 
40 7 350 lbs. per hour | 71 x46 x34 


50 450 lbs. per hour | 83 x46 x34 





‘TEMPERATURE RANGE, 400°F. to 1050°F. 


P AN For lead, cyanide or salt hardening. 


| White metal and aluminum melting. 
V Y( RK | Send for catalog F-26 
rtlandt Street 
\NAPOLIS ; 
+ Bonk Bui | ~©6American Metallurgical Corporation 


og - 27 VON HILLERN STREET 
BOSTON, MASSACHUSETTS 


hen writing to American Metallurgical Corporation, please mention TRANSACTIONS 





TRANSACTIONS OF THE A. 8. 8S. T. 


112 YEARS 


of 
FURNACE EXPERIENC 


Drafting Dept. of our 
Milwaukee Plant 


112 years represents the aggregate time spent in 
actual’ furnace work by our engineers. We have 
been building electric furnaces exclusively since 


1912. 


This is the first of a series of advertisements 
describing our plant and organization 


Aeui Duty Evectric Co 


MILWAUKEE, WIS. 


( Formerly Electric Heating Apparatus Co., Newark, N. J. ) 


NEW YORK BUFFALO CLEVELAND 


When writing to Hevi Duty Electric Co., please mention TRANSACTIONS 








ADVERTISING SECTION 51 


AHRITE 


cppieatResisting Alloy Castings 
> $8000 Installation of 


1 FAHRITE DISGS 


still going after 2 years 
\f Temperature 1900° to 1950°F. 






























THE FALCON STEEL COMPANY 









Discs used in 
continuous 
Annealing Furnace 


Nites, Ouro 
May 6, 1926. 






Answering your letter of May Sra, 7 
Pieh to inform you that the "Pahrite” furnace 
Siece we purchased from you in Jamary 192% are 
etill in use and in good condition so far ae can 


ve Getermined, 





As you know, these are used in our 
ontimucus open annealing furnaces. On one furnace, 
they are subjected to « temperature ranging from 
1900 to 1960 degrees Fahrenheit. On the other 


furnace, ® lower temperature is seed Wut we can 

















Highly economical for notice no difference in the condition of the diece 

Carbonizing Boxes mn the two furnaces, We might ad@ that we have not 

ve ped these furnaces contimiously since January 1924, 
Annealing Boxes and At we feel that should we have done 00, our dives 


would still be in wery good condition. 











Equipment 
Tube Supports 
Furnace Hearths 
Dises, Chains, Rails, 





ce 


Our opinion is that 4 proper propor- 
tion of the materiale used in this alloy ie the 
real solution for a heat resteting alloy in this 





type of furnace. wever, we feel ain 


aie 
















etc., for Continuous 
Furnace 

Enamel Burning Equip- 
ment 

Retorts 

All parts operating over 
1000° Fahr. 





¢ Coste OnIo STEEL FounpRY Co. 
Springfield, Ohio 


Sales Offices: Plants in 


‘w York—75 West St HH 
drei st dt. ouston—Harrisburg Pipe & Pipe a 
CHICA a; ox 22 5 15th St. Bending Company of Texas : preng a ld 
“5 ople’s Gas Bldg. Los Angeles—4920 Loma Vista Ave Lima 












"hen writing to The Ohio Steel Foundry Co, please mention TRANSACTIONS 


TIONS 





TRANSACTIONS OF THE A. 8. 8. T. 


SAUVEUR 
oe we OO me FS ER 


HE instrument pictured above is the newest development in ha 
testing apparatus both for metals and other hard substances It W 
developed and perfected by Dr. Albert Sauveur of Harvard Unive! 


It has a wide field of application—is accurate, easy to manipulat: 
thoroughly dependable. 


Price $95 F. O. B. Boston, Mass. 


Write for full Particulars and descriptive circular to 


L. E. KNOTT Apparatus Company 


79-83 Amherst St. 
CAMBRIDGE ‘ Massachusetts 


When writing to L. E. Knott Apparatus Co., please mention TRANSACTIONS 











ADVERTISING SECTION 


Comprehensive Data 






gladly mailed at your request 


STEELS 






n pence ececcencceeeecesees sesso oneseeeseseeseseee see eaceccnceenceesonceccsceecoonsenecnccccecncesccconeccccescceccececcccebccoccccccenseee 
mp) BP) WHEELOCK LOVEJUY 2 CU. INC. e 
seins [BPA CAMERTOGE NEW YORK “CLEVELAND circacd (ell 


HG 
[FUR EVERY PURPUSE: 


o Whee , Lovejoy & Co., please mention TRANSACTIONS 
























TRANSACTIONS OF THE A. 8. S. T. 


® Show Your Colors 


LL MEMBERS of the A. S.S. T. should make a practice of wearing the Society 
emblem. It is neat and inconspicuous and immediately conveys the information that 
the wearer is a progressive individual and a member of a live, wide awake organization, | 
The pin is in black and gold as shown above, with safety fastener, and will be mailed . 
post paid upon receipt of $1.00. . 


AMERICAN SOCIETY FOR STEEL TREATING 


4600 Prospect Ave. Cleveland, 0. 








No Initiation Fee 


Application for Membership in the 


American Society for Steel Treating 
4600 Prospect Ave., Cleveland, Ohio 


(See opposite page for Classification and rate for dues.) 


I hereby make application for — ‘Gusteining ) membership in the Society, and 
agree, if elected, that I will be governed by the Constitution, By-Laws and Rules of 
the Society as long as I continue a member. I furthermore agree to promote the ob- 
jects of the Society so far as it shall be in my power. $5.00 of my dues is for one 


year’s subscription to The Transactions of the American Society for Steel Treating. 


The annual dues for membership and the annual contribution for Sustaining 
members shall be as follows: 





a ii ete eh headin absciceabdbeneeaned $10.00 
PE BRD ence cetsevccnocspeconeceewstinnece 15.00 
' DE CEE cemcicecaccceconnscsaseminnntiokeinnnea 2.50 
{ For Sustaining Member, not less than ------------ 25.00 
ee lia ce nenceccnccs 
iia iene a li ee ie en a be ae enanaw aencccoe=e 
(Please print) 
Neen et nbn ib aedgeeneeeccceesese== 
SE dewtitiibnaibista tke del iaeadahiieine madntnnnteanintniceemaagily 0 a 
State fully what your firm manufactures or deals in....-------------------------- 
Are you in the Sales Department? _........------------------------------------- 
Title or Position with Said Firm.........-..--.------------------------------- 
To which Chapter do you wish to belong?_.._...------------------------------~- 


To what address do you wish your mail from this Society sent? _..----------------- 


Badoresd by. ...--.--------22nnn nnn anon nnn cenennnennennee-eneso=------ Member 
If candidate does not know any member of the Society, a reference will be satisfactory. 
Reference ~.-.------------------ 2 - -- = + 2 nnn nn nn nn 


- All members in good standing will receive the Society’s publications, which contain papers 
presented at the chapter, sectional and annual meetings. 






When writing to advertisers please mention TRANSACTIONS 
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ADVERTISING SECTION 


SERVICE FOR MEMBERS 


The Library Bureau of the American Society for Steel Treating is operated to give to the 
members quickly, reliably and at the minimum expense the following service: 


1. A complete copy of the magazine article referred to in any periodical you may be 
pading. : ? m ? 
. 9. A Translation of foreign articles that would help you with your work. 

3. A list of references to books and articles on any metallurgical subject. 

4. Informing the members of new articles of interest to them as an engineer. 

5. Patent Reviews. 


The Library Bureau makes the entire field of literature available to every member, distance 
is eliminated, for it will copy the desired information and send it to you. It also helps the 
busy man by supplying information without any expenditure of his time. The charge for this 
personal work is merely its cost. 

Through the courtesy of Nelson Littell, we have secured an additional library service for 
members of the A. S. 8S. T. This service comprises the selecting and supplying of copies of 
current patents, on specified subjects, as they are issued by the Patent Office. 

Mr. Littell will review the Official Gazette each week, selecting those patents on subjects 
desired by individual subscribers, and order separate copies mailed directly to them from the 
U. S. Patent Office. Subscribers may specify the field of patents which would be of interest, 
or they may supply a list of their products and manufacturing processes whereby Mr. Littell 
could judge as to what current patents would be of interest to them. 

The cost for this service is $10.00 per year, plus 10 cents per copy for each copy of a 
patent furnished. 

The Library Service does: not obtain any profit from the work, but does this to make the 
information contained in the large iibraries with which it has connection available to every 
member. The rates are as follows: 


Photo Print Copies of articles, drawings, etc., 25c per 10x14-inch sheets. 

Searches, abstracts, etc., $2.00 an hour. 

Translation, $6.00 per thousand words for French or German; $7.50 and upwards 
for other languages. ' 

Reference card service, giving reference to current magazine articles, $10.00 a year 
in advance, and 5c for each card mailed. 


Members desiring to avail themselves of this service should address Library Bureau, 
American Society for Steel Treating, 4600 Prospect Ave., Cleveland, Ohio. 


CLASSIFICATION OF MEMBERSHIP 


AMERICAN SOCIETY FOR STEEL TREATING 





The following paragraphs from the Constitution should enable you to properly fill the application 
form on opposite page: 


Art. IV. Section 1. (c) ‘‘A MEMBER shall be a person, twenty-one years of age or over, who is 
engaged in work related to the manufacture or treatment of metals, or the arts connected 
therewith, and who is not a member of the sales department of any organization which 
manufactures or deals in materials, supplies or equipment of any nature whatsoever used in 
such arts,’’ 

Dues $10.00 per annum. 


(d) ‘“‘An assocraTsB shall be a person, at least twenty-one years of age, who is engaged 
in work related to the manufacture or treatment of metals, or the arts connected therewith, 
and who is a member of the sales department of an organization which manufactures or deals 
in materials, supplies or equipment used in such arts.” 

Dues $15.00 per annum. 


(e) “Sustaintine MEMBERS shall be those persons, firms or corporations, who, because 
of exceptional interest in the work of the Society, contribute the annual dues of Sustaining 
Members as hereinafter set forth.” 


Membership in this class will be awarded to those who contribute not less than $25.00 yearly, 
and will be acknowledged by printing the name of the donor in each issue of the Society’s Transactions 
under the caption “Sustaining Members.” 


Art. IV. See. 1. (f) “A gsuntor shall be a person interested in, or engaged in, work related to 
the manufacture or treatment of metals or the arts connected therewith, who is either (1) in 


attendance as a student at some institution of learning, or (2) under twenty-one years of 
age.’” 












Dues $2.50 per annum. This fee includes subscription to The Transactions and Data Sheets. 


_ All dues are payable immediately upon notification of election to membership and are for one 
year from date of said election. Following payments are due upon same date each year. 


If a member desires, his dues may be paid in two equal installments. 


When writing to advertisers please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T. 


Four Advantages 
of Gas 
Economical—lowest final 

cost per unit of production. 
Clean—comfortable factory 

working conditions. 
Dependable—any time, 

any place, any quantity. 
Controllable—exact tem- 


peratures, automatically 
controlled. 


Gas is the Fuel 
for Your Factory 


ae manufacturers are 
penny wise and pound foolish in 
the matter of fuel for their factories. 


We do not claim that gas is always the 
cheapest fuel to buy; but we do say it is 
the most economical to use. 


Beneath the surface, there are savings in 
as that make it by all odds the most satis- 
actory of factory fuels! 


Other factories similar to your own are 
changing to gas. There must be good 
reasons. ‘They are told in our new book, 
“Gas— The Ideal Factory Fuel”. A copy 
will be sent you on request. 


American Gas Association 
342 Madison Avenue :: New York City 


YOU CAN DO IT 
BETTER WITH 
ee G AS ee 


When writing to American Gas Association please mention TRANSACTIONS 


. 





ADVERTISING SECTION 


x 
‘H eat Treating Problems 


No. 1 


The Case of the brittle Spring 


A certain manufacturer ordered a lot of springs formed as above, the 

heat treating to be done at the manufacturer’s own plant. The steel 
analysis specification indicated hardening at 1450° F. and tempering at 
500° I’. The springs were put through and turned out O. K. 


A re-order was placed with the same specifications. But, the same heat 
treatment as used in the first lot resulted in making the new springs 
too brittle. Urgent need of the springs precluded their return, and ma le 
it necessary to heat treat them again. Therefore, 

experiment with different temperatures became neces- 

sary to discover proper heat treatment. 


BROWN PYROMETER equipment made solution 
of the problem a simple matter. The new lot of 
springs was found to require a tempering tem- 
perature of 650° F. Brown Pyrometers ma‘e it 
easy to obtain perfect results without guess- 

ing and with minimum experimenting. 


1DDRESS—T he Brown Instrument Company, 

1955 Wayne Avenue, Philadelphia, Pa., or one of 

sur district offices in New York, Boston, Pitts- 

burgh, Detroit, Cleveland, Chicago, Indianapolis, oe res ‘ 
Birmingham, Houston, El Paso, Tulsa, St. Louis, ee ee 
Denver, Salt Lake City, San Francisco, Los An ara eal F 
‘ No. 15. Just off 
eles and Mont eal, 


press! 


When writing to The Brown Instrument Company please mention TRANSACTIONS 
























TRANSACTIONS OF 









AMERICAN 





HOBSON’S CHOICE XX 






EXTRA REFINED ‘“JESSOP’S” 1 
FORMING TOOLS TOOL STEEL 


DRILLS, REAMERS, Etc. 


HOBSON’S Warranted Best 
for DIES, PUNCHES and 


General Tools 





Sheffield 
C Making , Bi 5 
Experience Ps , 


MANUFACTURERS OF HIGH GRADE 
STEELS FOR TOOLS OF EVERY 
DESCRIPTION 


JESSOP STEEL CO, 


Head Office and Works 


WASHINGTON, PENNA. 


CHOICE Polished Drill Rods 
PIVOT STEEL for SCALES 
HIGH SPEED STEEL 
SELF HARDENING STEEL 
FAST FINISHING STEEL 
SHEETS, Cutlery and Saw 
FORGED CUTTER BLANKS 
RINGS, DIE BLOCKS, Etc. 


5000 various SIZES IN STOCK 
for all purposes 




























NEW YORK CITY CHICAGO, ILL 



















52 West St. Fulton & Jefferson Sts 
DETROIT, MIOH. CLEVELAND, OHIO 
Hobson, Houghton & Co., Ltd. 2208 Fort St., W. 1277 W. Ninth St. 
i CINOINNATI, 0. CAMBRIDGE, MASS 
Offices and 83 Beekman St. 13 E. Second St. 292-298 Main St 
Warehouse NEW YORK HAMILTON, CANADA 


King William Street 





Ganschow 


Gears 


Any size or kind. 
We have the most 
complete facilities 
in the Middle 
West. Write our 
nearest office. 


William Ganschow Company 





CHICAGO 





12 N. Morgan St., 








SAN FRANCISCO - - - - The Percy E. Wright Engineering Co. - - - - * * SEATTLE 
BIRMINGHAM - C. B. Davis Engineering Co. +‘pug% SALT LAKECITY - F.C. Richmond Mchy. Co. 
BOSTON ------- Allen & Drew PITTSBURGH - - - -_ H.-S. Stockdale 
NEW YORK- - - L.C. Biglow & Co., Inc. PHILADELPHIA - - R.E. Spencer Geare 


DETROIT - - - - + F. J. Niedermiller 


When writing to the above companies please mention TRANSACTIONS 
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ADVERTISING SECTION 





Part of a battery of 23 


“AMERICAN” Rotary Gas Carbonizing Machines 


Used in carbonizing Timken Roller Bearings 




















At the Timken Roller Bearing Company, Can- 
ton, Ohio, home of the universally known Roller 
Bearing, a battery of 23 Gas-Fired “American” 
Rotary Gas Carbonizing Machines are in opera- 
tion. These machines are used in carburizing 


























parts for this famous roller bearing because they 
deliver quality results—quickly—accurately— 
economically. 








The work is uniformly heated in the slowly ro- 
tating retorts of these machines and is constant- 
ly and uniformly exposed to a carbon-charged 
atmosphere which insures uniform treatment and 
carbon penetration. 























Bulletin T-12 describes these machines in detail. 











American Gas Furnace Co. 
Main Office and Works:— Elizabeth, New Jersey 

















When writing to American Gas Furnace Co, please mention TRANSACTIONS 
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“SEMENTITE”’ 


CARBURIZING COMPOUNDS 


CLEAN — UNIFORM 
HEAT TREATING SUPPLY COMPANY 


SANDUSKY, OHIO 


BACK VOLUMES 


WE CAN SUPPLY THE FOLLOWING : 
Vol. II (complete) of Proceedings—Steel Treating Research 


Society $5.00 (unbound) 
Vols. I and II (complete) Journal—American Steel Treaters 


Society $7.50 each (bound) 


Volumes II through VIII TRANSACTIONS American 
Society for Steel Treating $10.00 each (bound) 
SEND ORDERS TO 


AMERICAN SOCIETY for STEEL TREATING, 49°, PRosPeCT Avenue 


CL=VELAND, OHIO 


“WIL-CAN” PATENTED 
TOOL STEEL CARBURIZING BOXES 


“The Cost Cutting Box” 
BARS SHEETS ad 
BLOCKS 


Loaded Inverted for furnace 
The Original Inverted Box. 
Retention of Gases Builds Pressure and Gives 
Deeper and More Uniform Penetration. 
Saves Material and Prevents Scaling and 
Oxidation. 
No Claying or Screening. . 
Gives Equal Depth of Case in Less Time. 
Every Layer Carburized Uniformly. 


YOU » I aT TYPES AFTER 
STAINLESS STEEL CANNON-STEIN STEEL CORP. 
DG ‘” Mark 
BARS SHEETS Tae “Deel” 


BRAND STEELS 
Syracuse, New York 


When writing to ‘the above companies please mention TRANSACTIONS 
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ADVERTISING SECTION 


ROCKWELL 


ELECTRIC AND FUEL FURNACES 
FOR HEAT-TREATING 
AUTOMATIC, SEMI- AUTOMATIC AND STATIONARY TYPES 


AUTOMATIC HEAT-TREATING FURNACE. 


URNACES and fuels should be selected for the useful service they can 

render when properly employed under specific conditions, and with 
due regard to their form as well as price. Each should be selected on its 
merits. Their use is but a means to an end, the economic value of which 
is measured by the resulting qual ty and cost of the finished product or 
service, and not by any one phase of their performance. 


We are free from prejudice or preference in the matter of fuel or elec- 
tricity, or type ot furnace equipment, as our aim is to deal with each case 
on its merits. 


Bulletin 234-C illustrates methods of heating and handling and 
furnaces employed in a great variety of heat-treating operations. 


Write nearest office for a Copy 


FURNACE ENGINEERS and CONTRACTORS 
50 Church St. New York 


(Hudson Terminal Building) 
BRANCHES 

: Chicago Cleveland Detroit Montreal, Can. 

37 S. Dearborn St. Union Trust Bldg. Majestic Bldg. 358 Beaver Hall Sa. 


British Representative: Gibbons Bros., Ltd., Dudley, Worcester, England 


When writing to W. S. Rockwell Company please mention TRANSACTIONS 





TRANSACTIONS OF THE A. 8. 8. T. 


uenching Queries— 
answered in this FREE book on 


steel treating problems 


F you are interested in proper heat treating tem 

peratures and operations, the most approved 
practice in steel treating, and the quenching and 
cooling equipment that has given the most satis 
factory results in hundreds of progressive plants 
such as Ford, General Motors, Hyatt, Packard, and 
Ingersoll-Rand, write to The Griscom-Russell Co., 
Dept. G. 285 Madison Ave., New York, for free copy 
of their treatise on The Cooling of Quenching Oil 
in the Heat Treatment of Steel. 


ATLAS STEEL CORPORATION 


DUNKIRK, N. Y., U. S. A. 


HIGH SPEED TOOL STEEL* CRUCIBLE MELTED 
ALLOYED TOOL STEELS ee ne 
CARBON TOOL STEELS HAMMERED 
SPECIAL ANALYSIS STEELS HOT ROLLED 
FOR ALL PURPOSES COLD DRAWN 





DROP FORGHEI Sac Paa! i | aaa 


CLUTTER BLANKS DISTRICT SALES OFFICES 


etme a etm: ANDARD HAPES ANI A . New York 


A 
aia a 
and TT io 

A 


, WORKS ie. +I 
. Ae ted ee te 
> 
LANTS 
tet 
Mra Wie 


RAILROAD TIRE TURNING TOOLS 


DROP FORCED FROM LAX H.CH PFE! ie | 


Chica 


or indianapolis 


HARDENED AND GROUND TO YOU! nOPS ee oo 
READY FOR USF 


WRITE FOR SPECIAL BOOKLET 


WAREHOUSES DUNKIRK BOSTO’ ti mele CHICAGO LA ' tal rah et CANADA 


ener eee el ore ee 


When writing to the above companies please mention TRANSACTIONS 





ADVERTISING SECTION 


Closer 


Temperature 
Control 


Is Now Possible 


For heat treating jobs where exact temperature 
control is imperative, Bristol’s New Pyrometer 
Controller will prove equal to the test. 


This instrument is the result of several years of 
experimental work and trial under actual operat- 
ing Conditions in the field and incorporates many 
distinctive features. 


The wide open, 7 inch scale; the large magnet, 


which gives plenty of power for the movemeny 


of the pointer; and the safety adjustment mech- 
anism for setting the index pointer, 
are features to be found only in 
Bristol’ s. 


This Pyrometer Regulator is ex- 
tremely accurate in operation and 
will control temperatures more 
closely than can be read on a full 
scale instrument. 


‘These features plus rugged con- 
struction make this instrument the 


ideal for use in shop practice. 


OFFICES 


oa 


rat 


RECORDING ~~ 
-~INSTRUMENTS 





When writing to The Bristol Company please mention TRANSACTIONS 











































































TRANSACTIONS OF THE A. 8. S. 





A 


When writing to advertisers please mention TRANSACTIONS 


LIST OF A. S. S. T. DATA SHEETS 


The following data sheets have been issued and sent to members. New members 


Mem! 





back sheets may order all or any sheets desired at the “rate to members.” 
receive free data sheets as issued during the period of their membership. 
Send all orders to A. S. S. T., 4600 Prospect Ave., CLEVE! 
| oo, | No. Cost to 
Page No. | Sheets Memb Ts 
Nitros. te DOUG as 40k ice wen ew ns vietedbe «<a |A\3-4 l $0.05 
Pada Points of Chemical Elements......... WAS) 
Fusing Points of Seger Comnes............+++- AGS l 05 
Physical Constants of the Principal Alloy-| 

Forming Elements .....ccccccccccccseses A6a, 6b, 6c 3 15 
Decimal and Metric Equivalents of Parts of an} 

BR ak < cad ieOeds one e we sons ogee een ae 1AT-10 2 10 
Specific Heat of Air......c ccc ceecceescenes /A11-14 9 10 
pl. gD ae eee ee ee eee 
Ce GD so ew hc beeeanieeed ers uss Hee dase 1\15-22 4 90 
Temperature Conversion Table.........+.+++.- 1,93 and 24 1 05 
Iron-Carbon Diagram..........eeeeeeeeeeees |\ 95-38 7 ar 
Mass Influence in Heat Treatment............- 1\ 39-42 Incl. 2 10 
Interconversion Table for Units of Energy, Vol-| 

ume. and Weight ....ccccccccccccccecers 143-44 1 05 
Corrosion of Iron and Steel...........-0+-eee- 45-50 Incl 3 15 
Abrasive Wheels for Grinding Steel..........-|451-73 12 60 
Nickel and Nickel-Chromium Steels........... 103-24 11 55 
ge ee eee eee eee a ee oe ee 1193-10 Incl. 4 20 
Vanadium as an Alloying Element in Steel... .| 3-8 3 15 
Tungsten as an Alloying Element in Steel..... lt1-4 2 10 
Recommended Practice in the Heat Treatment 

of 18% Tungsten High Speed Steel........ M3-4 1 05 
Recommended Practice for the Heat Treatment! 

of Plain Carbon Tool Steel............... IN3-6 2 10 

; Recommended Practice for the Ileat Treatment} 

i of Non-Shrinking, Non-Deforming,  Oil- 

i Hardening Tool Steels...........-+eeeee0: IN7-8 1 05 
Recommended Practice for the Heat Treatment 

of Finishing Steel........ccccccccesccens IN9-10 1 05 
Recommended Practice for the Heat Treatment 

of Taps and Milling Cutters.............. N11-14 2 10 

. Tool Steel Trade Names........ccccssccccees N15-24 5 25 
Carburizing and Heat Treatment of Curburized 
rr tte e ee eee eee e esse eens R3-R13 6 30) 
Recommended Practice for the Carburizing of 

GE Acc aca bexdadeccveduc sins es est gentenn R15-17 9 10 
Recomménded Practice for the Carburizing and 

Heat Treatment of Camshafts ...........-. R19-21 2 10 
PPE Saeee esd ecdpececevccvecéees éewubs S3-17 8 40 
The Preparation of Metallographic Specimens. . .|T3-6 2 10 
Etching Solutions for Iron and Steel and the 

Structures Revealed by Each.............. [7-22 8 40 
PPT CTO TT TE CET TTT T23-38 Incl. 8 40 
Critical Ilumination in Photomicrography..... T39-42 9 10 
Etching Solutions for Non-Ferrous Metals..... T43-56 7 85 
SB. A. TB. Geael: Bpeclentiees. «0s cccccveccce’s \U3-6 2 10 
vines GneGOaes. Tele... cece ccdvescctssdeseri ] 

Rockwell Hardness Test...........cecceecees 
Scleroscope Hardness Test..........seeeee0. ".1V7-10 10 
Percentage Reduction of Area for Tensile Test 

COGS ve vcccvctiecccicccicevsce ++e++/V11-16 Incl. 3 15 
TO BED. occ c ose rceavescctcusveteases V17-29 Incl. 7 385 
Standard Clay Fire Brick Shapes and Tables 
for Turning Diameters with Standard Fire Brick 
BE Korte ceascueceticecesevgagacs oeeeee+|W1-20 Incl. 10 50 
RANG TERE odcccscosescccscseses ovegeoense W21-85 Incl. - 40 
Fuel Consumption and Heat Losses........... W37-42 Incl. es 15 
Determination of Electric Furnace Efficiencies 

em@ Heat Treating Costs......rcccccccecvess W48-50 4 .20 
Recommended Practice for the Heat Treatment 

of Plain Carbon and Alloy Spring Steel..../Y3-4 1 06 
Heat Treatment of Permanent Magnet Steel... ./Y5-8 2 .10 
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ORDER NOW! 


oe ‘ : 
area 
; 
i} 





HANDBOOK i The binder shown here is of genuine 
| B 


"ae \ 7 2 cowhide, with 1 inch rings, capacity 
S (A) a 350 sheets and pocket in cover, especi- 
\ a ay) ally made for A. S.S.T. Hand Book 
sheets. 
Do not lose your valuable sheets by 
not having the proper binder. 
Members may obtain this binder, 
with name (in gold) stamped on cover 


for $2.00. 





Send order and check to 


American Society 
for Steel Treating 
Cleveland, Ohio 






















The NU-TYPE is the most beautiful and artistic pocket pencil on the market. 
In construction, in artistic finish, and design, in its sturdy wearing qualities it 
endears itself to its users. It is a “different” pencil, and a better pencil. 

The barrel is made of light, hard, enduring rubber composition which takes a 
very handsome finish. The rubber barrel is, in turn, reinforced with a metal tube 
es by its special design, insures a splendid combination of strength and 
ightness. 

A common defect in other pencils of this type is the ease with which the leads 
break in feeding through the tip. This defect is remedied by a specially con- 
structed tip and by the dual gripping action on the lead. 

NU-TYPE is known as “The Panel Pencil.” The panels, clips, nuts, as well 
as the tips and caps, are made of 14k gold filled. These panels are attached to 
the pencil, just above the clip, a patented feature, and are engraved with the 
A. S. S. T. emblem. 





PRICE POST PAID 


No. 150—Octagon Barrel, 514“, Panel lock and A. S. S. T. clip, 14k 
Gee Peete cecsocenecce CR ihc nichnetegunndnatinaerooeen $3.25 


American Society for Steel Treating _ 
4600 Prospect Ave. Cleveland 


When writing to advertisers, please mention TRANSACTIONS 


TRANSACTIONS OF THE A. S. S. T. 


ZIV’S WIZARD 


This Tungsten . Un-Breakable Tool Steel 
Rivet Set Headed & 


80,000 Rivets “A truly Remarkable Stee|’’ | 
And Still In Good 


Guatiiden Especially Adapted For Pneumatic 


Tools 


ZIV STEEL & WIRE Co. 


2945-2951 West Harrison St. Chicago, Ill, 


Erichsen Testing Machines 
Standard the World Over 


For the Determination of the Drawing, 
Stamping, Compressive and Folding 
Qualities (the “Workability”) of Sheet 
Metals. 
Know your Metal. 
Save time and save money. 


The Bock Machine Company 
3618 Colerain Ave. Cincinnati, 0. 


Undaunted by Overwhelming Odds 


will summarize the characteristics of the Seminoles 


Ludlum ‘‘Seminole’’ Heavy Duty Chisel Steel is no less 
capable of surviving the hardest of punishment against 
overwhelming odds. For example, a chisel made of this 
super-steel cut 200,000 rivets without breaking while 
numerous other tests have proven its superior enduring quali: 
ties for completely defying the heavy usage demanded of 
Bull Dies, Plate Punches and Dies—Let us tell you more about 
this non-battering, fatigue resisting steel that will not crack 


or break. 
LUDLUM ‘STEEL CO. 


Watervliet, N. Y. 


b 


7 
| HEAVY DUTY 
i UNBREAKABLE CHISEL STEEL 


When writing to the above companies please mention TRANSACTIONS 
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ARD @| BRINELL TESTING MACHINES 


01 Steel 


Our Type SCB Brinell micro- 

ble Steel’’ : scope has the same general 
§ " construction as the standard 

r Pneumatic | ; 7 iG instrument, but has several 
improvements that tend to 

" yi greater accuracy, viz: Elec- 

trically illuminated by con- 
IRE CO necting to the light line giv- 
Chicago, . + ing permanent and continu- 

. ous illumination on the im- 

pression being read, hence not 
dependent on light from out- 
side: stop collar for perma- 
Machines a F nent focus, and new _ type 


‘: . checking scale which makes 
rid Over : ' . checking a pleasure. 


—______| 


the Drawing, 
and Folding ‘ 
ity”) of Sheet | Service 


° . . ° . | ° 
Standard and power operated machines in Detroit stock for immediate 
tal. delivery. 
money. Special machines for specific purposes. 
Stands s for checking your machines. 
Company Standard test bars for chec gy 


incinnati 5. K.W apters for i oving > accuracy and rapidity of operation 
Cincinnati, O. S.K.W. Adapters for improving the accuracy I \ I 
of the Shore Scleroscope. 


We repair, furnish spare parts and cali- : ; 
Type P_ hard 


brate all Brinell machines. 
Odds ness testing 


hammer for 
ninoles 


. : % testing bar 
Steel is no less FE g 


shment against ‘ stock, die 


: : ‘ mm > - 7 QO : 
| made of this The Type blocks, castings, 


reaking while a power operated 
enduring quall- machine does 
» demanded of 


steel rolls, ete. 


Easily carried 
your Brinelling 


with one hand 
you more about 


rapidly and 


will mot crack and can be eali 


economically. ae a 


STEEL CO. > for various 


, loads. 


, ole STEEL CITY TESTING LABORATORY 


+ 
5444 14th Ave. Detroit, Mich. 
Phone Wal. 5910 


SS 


SSS 


AVY DUTY 
ISEL STEEL 
arcs: = Se 


When writing to Steel City Testing Laboratory please mention TRANSACTIONS 





TRANSACTIONS OF THE A. 8. 8S. T. 


HOLCROFT 
REMOVABLE HEATING UNITS | 


—cA re— 


INSURANCE POLICIES 
against SHUT DOWNS 


IN YOUR HEAT TREATING DEPARTMENT 


They have made possible your ideal furnace for— 


HARDENING 
DRAWING 
CARBONIZING 
ANNEALING 


YOUR INQUIRY WILL RECEIVE PROMPT ATTENTION |i 


HOLCROFT & COMPANY | 


6545 EPWORTH BLVD. DETROIT, MICHIGAN | 


When writing to Holcroft & Company please mention TRANSACTIONS 
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BLAICH CUOulcan 
Modem TOOL STEEL. 


Carbunizers 
Best by Test 


cq. 
= 
oS 
o 








Cyanide— 
All Grades 


Lead Coat— 
For Lead Baths 


Insulite— 
Prevents Carburizing 


When up against it 


use “Uulcan 


A. O. BLAICH CO. 


DETROIT, MICH. 


Vulcan Crucible Steel Co. 


Aliquippa, Pa. 








DEMPSEY oe Furnaces 





Y Par. furnaces have just been com- engineers to withstand continuous hard 
4 pleted for Reeves Brothers Co., Birm- service. We carry a complete line of oil 
ingham, Alabama. DEMPSEY Furnaces burning equipment. 

are designed and built by experienced Write for catalogs. 


Dempsey Furnace Division 


W. N. BEST Corporation 


Engineers and Manufacturers Since 1890 


Il BROADWAY NEW YORK 





When writing to the above companies, please mention TRANSACTIONS 








TRANSACTIONS OF THE A. 8. 8S. T. 


e= HARDNESS TESTING 


SHOULD BE DONE WITH 


PRACTICAL UP-TO - DATE EQUIPMENT ON BOTH 
METALS AND RUBBER, ETC. 


Do not experiment, but demand 
the best and most approved com- 
mercial means. For Metals and 
rigid materials, send for our free 
booklet on the Scleroscope. For 

ie iets tint Binsin ties Rubber and pliable materials, 
our Bulletin R-2 is free upon request. 


Scleroscope Model D Scleroscope Model O Testing Set 


The Shore Instrument & Mfg. Co. 


VAN WYCK AVENUE and CARLL STREET 
JAMAICA, NEW YORK 


Agente in All Foreign Countries 


When writing to The Shore Instrument & Mfg. Co. please mention TRANSACTIONS 
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Machining large cylin- 
drical forging with 
Bethlehem Special 
High Speed Tool Steel. 


Why do you use a particular 
brand of Tool Steel 2 


F you will thoroughly analyze 

this question and its application 
to your particular case, we have 
gained the point of this advertise- 
ment. 


We know what your answer is 
most likely to be for we have 
heard thousands of such answers 
before. To these answers we re- 
ply that there is a great difference 
in the quality and performance of 
Tool Steels of the same composi- 
tion. Though they may contain 


BETHLEHEM STEEL COMPANY, 


the same elements, the individual 
way they are compounded by the 
different firms makes their quality 
as different as day is to night. 


We manufacture almost every kind 
of iron and steel known to the 
trade, and are therefore equipped 
to compound Tool Steels of the 
finest quality. If you are open to 
conviction, let us prove to you the 
fine quality and unexcelled per- 
formance of Bethlehem Tool Steels. 


General Offices: BETHLEHEM, PA. 


DISTRICT OFFICES: 


New York Boston Philadelphia 


Baltimore 


Washington Atlanta Pittsburgh Buffalo 


Oleveland Detroit Cincinnati Chicago St. Louis SanFrancisco Los Angeles Seattle 


Bethlehem Steel Export Corporation, 25 Broadway, New York City 
Sole Exporier of Our Commercial Products 


BETHLEHE 


TOOL STEELS~—for every purpose 


When writing to Bethlehem Steel Company, please mention TRANSACTIONS 











TRANSACTIONS OF THE A. 8S. 8. T. 


MAY WE HELP YOU? 


If you want to improve your product ask 
us about the following. 



























Carburizing Compounds Furnace Cements 
Cyanide Compounds (for Metal Cleaners 
cyaniding) 


Kwick Kase (for cyaniding) hee gal 
Lead Pot Carbon (for covering snamel Stripper 
Lead Pots) Detergents and Special 


Tempering Oils . Cleaners for all pur. 
Tempering Salts (High and Low 
poses. 
Temperatures) 
Sodium Cyanide (96-98%) Copper & Zinc Cyanide 
Brinell Machines Nickel Salts (Single) 


Rubbing and Finishing Compounds for all lacquers 


Park Chemical Company 
Metallurgical and Chemical Engineers 
DETROIT, MICH. 





_ Automobile and other Alloy 
Steel Specifications are 
becoming more and 
more exacting 


It is necessary, therefore, to use the highest grade of 
raw materials entering into the construction of auto- 
mobiles, machine parts, etc. 





In the manufacture of our various metals and alloys, 
we must use, and do use, the highest grade of ores, 
oxides and aluminum. 


Tungsten Powder ____-- 97-98% Pure Chromium ------- 97-98% 
Pure Manganese __----- 96-97% Ferro-Tungsten ------- 75-80% 
Ferro-Chromium —_-_ _-_- 60% Ferro-Titanium —- ----- 25% 


Ferro-Vanadium 35-40% (1% Silicon) 
Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 


Pittsburgh . . San Francisco 
Chicago 120 Broadway, New York City *2*".." 
Boston 


When writing to the above companies please mention TRANSACTIONS 
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1 Special 
all pur- 


Every day the list of users of alloy 
- Cyanide steels grows larger. Manufactur- 
ingle) ers are learning the advantages 
3 of alloy steels over ordinary 
steel. May we send our metal- 
lurgists to work with you on the 
specifications of an alloy steel 
to eliminate the difficulties you 
are having with ordinary steel? 


r Alloy INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue 


5 are CHICAGO 


" | |] Interstate 
re. Steels 


; Open Hearth Alloy Steel Ingots, Billets, Bars 
97-98% Wire Rods, Wire, Nails, Rivets and Cut Tacks 


.75-80% Iron Bars and Railroad Tie Pl 
me $a ily ie Plates 


ATION 


San Francisco 
oronto 


When writing to Interstate Iron & Steel Co, please mention TRANSACTIONS 





TRANSACTIONS OF THE A. S. 8. T. 


MIDVALE 


HARDENED ano GROUND ROLLS 


4 


28" x 60" Body Weight 14510 lbs. 


VERY DAY HARDENED and GROUND ROLLS 

are becoming more and more popular among the 
manufacturers of cold rolled metals, to whom they 
have manifested their undoubted superiority. The 
high degree of finish imparted to the product rolled, 
and the length of service which may be expected by 
virtue of the extreme hardness (100 plus on the sclero- 
scope) are basic reasons for their widespread use. 


THE MIDVALE COMPANY 
NICETOWN, PHILADELPHIA 


DISTRICT OFFICES: 
NEW YORK WASHINGTON CHICAGO PITTSBURGH 
CLEVELAND SAN FRANCISCO 


When writing to The Midvale Company, please mention TRANSACTIONS 
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FORGINGS 
DIE BLOCKS 
SHEAR KNIVES 


geG'STeRe, 


n bev 


FINE STEELS 
CRUCIBLE PROCESS 
CLARITE HIGH sper : 
OILDIE NON-sHRINK 


COLUMBIA ss 


EEL 
"Rave MARE OLUMBIA EXTRA. « 


HEAT TREATED 
| PRODUCTS 
| OUR SPECIALTY 





Heppenstall Forge & Knife Co. 


WORKS : 
PITTSBURGH, BRIDGEPORT, 
PENNA. CONN. 





Manganese 
(Pure and Low C.) 




















STEEL ~~ 
TREAT eS 1 
The Inviting of 


STUART Competition 
On Quenching Oils 
will disclose the fact whether 


savings in cost can be made 
WITH SAFETY 


Cobalt, Molybdenum, Silicon, 
Titanium, Silicon Aluminum 
Manganese Alloys, Tungsten, 






Ferro Aluminum, Caleium Sil- 





icon, Arsenic Copper, Chromi- 
um, Pure Manganese, Low Car- 





bon Ferro Manganese, and 


OTHER SPECIAL ALLOYS. 










Large stocks carried in New York 









PHONE OR WIRE FOR 
QUICK SERVICE 


DA.STUART & CO. deCourcy Browne, Inc. 


farce l a mree Metallurgical Engineers 


CHICAGO. U.S.A. 8 W. 40th St. NEW YORK 
Warehouses in aglarety elo) Centers 






Write for 
Descriptive Booklet 


IRGH 


IONS 
When writing to the above companies, please mention TRANSACTIONS 


TRANSACTIONS OF THE A. | 
ving 


SPENCER TURBO-COMPRESSORS | 


GIVE 
LASTING SATISFACTION 


The Spencer line of Turbo-Compressors for 1 Ib., 1¥2 Ib. and 2 Ib. pressures meets , 
wide demand for an efficient equipment of the “slow speed” turbine type for use jp 
supplying air for oil and gas burning furnaces, foundry cupolas, etc. 


It has no contacts nor even close clearances, hence no chance for wear. 


It is a direct connected, self-contained unit, hence no belts, gears or chains with thei; 
resultant losses and noises. 


It gives constant pressure with no pulsations and no surging. 


It operates at low velocity. 





The current consumption inherently decreases in proportion to reduction of volume 
of air used, eliminating all auxiliary governors. 





Motor End No. 1560 Turbo-Compressor 


The Spencer Turbine Co. 


HARTFORD, CONN. 


Ask your furnace manufacturer for details 


When writing to The Spencer Turbine Co. please mention TRANSACTIONS 
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LLLIIIITT, 
VASA A/S ff 4, 


idcal for: Annealing Boxes 
Case Hardening Kiln Furniture 
Furnace Parts Giass Machinery 
Oil Cracking : 


Parts, Etc 
Equipment 


OUR LIST OF PRODUCTS 
INCLUDE: — 


FIRE ARMOR: 42. Atey., for Resisting 


Maximum High Tempera 
tures. Will withstand temperatures up to 2400 


degrees Fahr. Wherever high duty heat resisting 


castings are required, you should give FIRE 
ARMOR a trial. 


NUMBER 2200: 42 Alloy. materia 


made to serve those re- 
quirements not demanding maximum resistance to 
heat, but which may require considerable resistance 
to Thermal fatigue. \n extremely high quality 
product. P 


VALENCITE: A Metallurgical Compound 


for improving the properties 
of cast iron—introduced in the ladle. 
Valencite increases the physical properties of cast 
iron to a marked degree, improves the machining 
properties and produces a superior casting 


Electric Resistance Grids 
No. 800 for high temperature work 
No. 500 for low temperature work 


Your inquiry will receive prompt attention 


The Chrobaltic Tool Company 


1501 E. Ferry Ave. 
Railway Exchange 


Chicago, Ill. DETROIT, MICH. 1701 Arch Street 


Philadelphia, Pa. 


Mr. C. K. Kelly 
344 Norwalk Ave., 
Buffalo, N. Y. 


Mr. J. W. Mull, Jr., Lorenzo Norvell Co., 
Board of Trade Blidg.. Chemical Building 
Indianapolis, Ind St. Louis, Mo 


When writing to The Chrobaltic Tool please mention TRANSACTIONS 





TRANSACTIONS OF THE A. 8. 8. T. 











NOTHER Engelhard Frictionless Instrument for 


indicating temperatures under severe conditions. 


There are no jewels or pivots to become worn due 
to the moving coils being suspended with rugged 
suspension filaments. 


The above can be calibrated with two ranges for 
one type of Thermocouple or for two types of 
Thermocouples in any combination desired. 























Il » 
« 
a 


AL A 
hit 


When writing to Charles Engelhard, Inc., please mention TRANSACTIONS 
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ive Us the 
Hardest Jobs 


Let ‘Timken prove the merit 
of Timken Steel on the 





POR 


nent 
te hardest and meanest speci- 
ditions. , 
fications you have. 
orn due 
rugged ; 
Bee Timken’s oldest customers 
| came to Timken because 
ges for ; 
Timken Steel alone solved 
ypes of 


their most exacting re- 


quirements. 






THE TIMKEN ROLLER BEARING CO., CANTON, OHIO 


When writing to The Timken Roller Bearing Co., please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T. 


te 


SWEDISH NICKEL ALLOY 


—___— for use as 


CARBONIZING BOXES and COVERS 
ANNEALING BOXES and TRAYS 
CYANIDE BASKETS and HOLDERS 
FURNACE PLATES, RAILS, PANS 
FURNACE RACKS, MUFFLES, FRAMES 
CONVEYOR LINKS and PINS 

LEAD POTS 

GLASS ROLLS 





“Where there is HEAT use SWEDISH NICKEL ALLOY” 
ANALYSIS: Nickel 62 to 65% Chromium 15 % 


CRUCIBLE STEEL 
CYANIDE anv LEAD POTS 


give longer service — save costly repairs — 
lower cost per furnace hour 


STEEL CARBONIZING BOXES 


for use where the cost of Alloy is prohibitive 
We are specially equipt to handle your Pot 


and Box business. Send in your requirements 


ed 


Swedish Crucible Steel Co. 


DETROIT, MICHIGAN 


When writing to Swedish Crucible Steel Co., please mention TRANSACTIONS 
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electric furnaces are the result 
of six years of conservative de- 
velopment of electric heating 
equipment by The George J. Hagan 
Company. 

It is indeed significant and 
gratifying to announce that heat- 
ing equipment of HAGAN design 
and manufacture is operating un- 
der all heat treating conditions, 
including carbonizing, without a 
single failure of heating elements 

= 


81 





Ly 





being recorded. 


You should specify HAGAN 
when you require electric furnace 
equipment for continuous service 
and in this way eliminate costly 
replacements and carrying charges 
on spare heat- 
ing units. 












CA Furnace and a Fuel for Every Heat Treating Service 


Od. 2 ieee ee. Ce Electricity 


GEORGE J. HAGAN CO. 


CHAMBER OF COMMERCE BUILDING 
PITTSBURGH, PENNA. 


CHICAGO DETROIT SAN FRANCISCO 





When writing to George J. Hagan Co. please mention TRANSACTIONS 
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SHOCK ABSORBERS 


NEUTRALIZE ALL VIBRATIONS IN THE 
B & L METALLOGRAPHIC OUTFIT 


Accurate results are assured in the large Metallographic Outfit GB- 
ILSAA with the four scientifically positioned shock absorbers which 
neutralize all vibrations caused by machinery, street traffic, etc. 

A sturdy frame, with coiled spring, sponge rubber damper and a sec- 
st support on each of the four corners makes photomicrographs suc- 
cessful. 

The shock absorbers may be purchased separately or with the outfit 
and may be used anywhere with or without the B & L table. 


Interesting Literature sent upon request 


BAUSCH & LOMB OPTICAL CO. 
663 ST. PAUL STREET : ROCHESTER, N. Y. 
BRANCH OFFICES AND DISPLAY ROOMS IN THE FOLLOWING CITIES: 


New York London Boston 
Chicago Frankfort San Francisco 


When writing to Bausch & Lomb Optical Co. please mention TRANSACTIONS 
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Jessop Steel Co. 





Knott Apparatus Co., L. E. 
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TRANSACTIONS OF THRE 
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Whawert 


In these Since 


X = 


"THIRTY -ONE models x’d to the yawn- 


ing scrap pile that the thirty-second 


might perform well under actual plant 
conditions. 


Not that Surface Combustion-does not 
know how to build furnaces! The réected 
furnaces were good ones. But the manner in 
which they applied heat toa certain perplex: 
ing manufacturing process had to be studied 
through repeated experiments untila design 
was developed which“delivered the goods.” 

A furnace is simply a vital part of the 
chain of mass production. Sometimes, as 
in this case, it is the application of the hear 


the known! 


to secure a certain finish within close 
limits that is baffling. And very often, 
because of lack of precedent, the “cut and 
try” method must be called into operation 
until the answer is found. 


That Surface Combustion engineers 
have been unusually successful in the ap- 
plication of heat to difficult manufacturing 
processes is amply attested by over 18,000 
praiseworthy installations—“wherevet 
heat is used in industry.” 

The Surface Combustion Company, Furnace 
Engineers and Manufacturers. General Offices: 372 
Gerard Avenue, Bronx,New York. Works: Toledo,O 
Branch Offices in All Principal Cities 


Surface Combustion 


& 


When writing to The Surface Combustion Company 


WHEREVER HEAT IS USED IN 
Utilization Division of the Combustion Utilities Corporation 


INDUSTRY 


, Please mention TRANSACTIONS 
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THE LEITZ WORKS ARE THE LARGEST MICROSGOPE MANUFACTURERS IN THE WORLD 


LEITZ 


EST’D: 1849 
THE STANDARD OF OPTICAL AND. MECHANICAL PRECISION 


“MICRO-METALLOGRAPH” 


MODEL 1926 


IN STOCK FOR IMMEDIATE DELIVERY 


In order to obtain Micro-Analysis of Metals and be assured of reliable as 
well as perfect results, the use of the best equipment is essential. 

The Leitz “Micro-Metallograph” is selected by the discriminating Metal- 
lurgist of Metal Plants and Imstitations for the reason that it embodies all 
those. features of methanical and .optical precision. which guarantee results 
not obtainable with equipments. of other ‘manufacture. 

_ Give the Leitz “Micro-Metallograph”’—1926—most careful consideration 
first before. you reach a decision; it will pay you manifold. 

A leading laboratory using “Model 1926” obtained perfect photographs 
at 15,500x magnification under a time of exposure of 1 hour, 15 minutes. 
During this period the carbons of the arc lamp had to be changed once and 
persons — the laboratory moved freely, without the least change in focus 
aking place. 

TAtoese the use of the vibration absorber, combined with the precision 
workmanship of the apparatus, this rare achievement has been possible. 


Upon request, we will disclose the name of the laboratory for verification of 
our statement. 


WRITE FOR CATALOG No. (P) 1057 
10TH ST. 


AGENTS: 

Pacific Coast States: SPINDLER & SAUPPE, 86 Third St, San Francisco, Calif. 
Canada: THE J. F. HARTZ CO., LTD., Toronto 2, Canada. 
Philippine tslands: BOTICA DE SANTA CRUZ, Manila, P. 1. 
Cuba: TEXIDOR CO., LTO., Habana, Cuba. 





HE object of all heat treatment of steel is 

to give certain qualities of toughness or 
hardness, which it did not have befcre the treat- 
ment. Unless the furnace temperature is aceu- 
rately, maintained within the proper limits a high 
percentage of rejections, non-uniform quality and 
waste fuel must follow. 


This means great loss in profit that can be saved 
by using Republic Pyrometers. 


Your. Republic Pyrometer will in every instance 
insure you against using more than the necessary 
quantity of fuel to maintain the desired tempera- 
ture. You will operate with the least number of 
rejections. . You will reduce relining to the 
mininum and you will eut your producing time. 


Send for Bulletin ‘Republic Pyrometers’’ for 
further information with reference to Republic 
Instruments. 


Boiler Meters 

Meters, Water and Ges 
Meters, Air and Steam 
Liquid Le’ 1 Indicators 
and Recorders 
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